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PUBLISHER'S PREFACE. 



The principles of honour and integrity inculcated on 
tlie architect in the subjoined work would alone sanc- 
tify its prolonged use by the profession. " The 
perosal," says Milizia (speaking of Vitruvius), in his 
Lives of the Architects^ " of that part of his writings* 
in which he treats of the requisite qualities of an 
architect, should cause those to blush who pursue the 
profession solely for the purpose of profit, and who 
are guided by no other feeling than interest. Would 
that the lessons of our author might excite regret in 
such men, and induce them to follow it from motives 
of honour ! "f 

Some persons have thought that the value of the 
author's treatise on architecture has been much over- 
rated. One has gone even so far as to express an 
opinion that it might have even been better for the art 
had the work been buried in oblivion. Fortunately, 
the number of these eccentric beings is few and of 
small authority in the art. It seems, indeed, strange, if 
credit could be attached to their dicta, that no less than 
forty-three editions of the work should have appeared 
in various languages, some of them by men of great 
learning, and amongst them one by an architect of 
consunmiate taste and world-wide reputation : for such 

♦ Lib. i. cap. 1— Pref. lib. vi. 
/ Mrs. CroBfa Translation. 
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a person was the celebrated Perrault, whose fa9ade of 
the Louvre is acconnted one of the most elegant and 
magnificent examples of the art in existence. With 
such a precedent, there cannot be much apology neces- 
sary for the cheap copy now presented to the amateur 
and to the student of architecture. 

L. B. Alberti, Baldassare Peruzzi, Palladio, and 
all the illustrious restorers of the Art, treat Vitruvius 
as the great master from whom they derived the pre- 
cepts delivered in their writings; and though perhaps a 
more utilitarian age has arrived, the sound doctrines of 
the art are unchangeable, for they are based on nature 
and statics. 

Of late we have had much talk of -Esthetics in the 
fine arts ; or, in plain language, of the doctrine of 
expedients for converting sense into sensation, as if 
some new discovery had been made. That this is 
no new thing, appears from the author's directions 
on the Scamilli impares, as well as on many other mat- 
ters of detail mentioned in the third book and else- 
where. It is also1|uite apparent, from the instructions 
for designing temples, that the laws of statics guided 
them to an equality of voids and solids. 

It only remains for me to thank the translator for 
his superintendence through the press of this edition, 
in which, though no material alterations have been ne- 
cessary, a considerable number of corrections have been 
made, and to which three plates of theatres have been 
added* The present taste for a cheap press precluded 
another edition, except in the form here presented. 



PREFACE. 



The following translation was commenced many years 
since, under a conviction of the benefit I should derive 
from it in my architectural studies ; but at the time of 
undertaking it, its publication was not contemplated. 
During the progress of my labours I found it useful to 
refa: to the difierent versions of the author, and more 
especially to that of Newton, the only Englishman who 
has hitherto translated and published the whole of the 
text of Yitruvius. That translation I found so unsatis- 
fitctory and incorrect, that my resolution was early 
formed of making an endeavour, at some period, to 
give the English student, not only a more convenient 
volume for reference, but, as I presume to think, a 
truer interpretation of the text of the author. Whether 
I have succeeded, must be submitted to the Reader's 
jndgmeiit. I have, perhaps, adhered more closely to 
the text- than the idiom of our language may allow, 
but I trust that this will be far from a serious charge 
against me. The editions chiefly used have been those of 
Philander, Elzevir, the Bipont, and that of Schneider, 
which is a most valuable book : not, however, without 
frequent recurrence to the translations of Barbaro and 
Perrault, and the excellent one of Galiani. The plates 
subjoined to the work are not so numerous as might 
have been desired. My reason fox limilm^ ^-eoL \ft 
their present Dumber has been more feoia «b ftjbivt^ \si 



avoid conjectural representations than to say< 
or expense in the publication. The following ^ 
without note or comment, but I am in hopei 
may, at a future period, lead to a further cons 
of the precepts and doctrines of the only autho: 
the ancients, on the art of which I am an hui 
fessor. 



LIFE OF VITRUVIUS. 



The materials for a life of Yitruvius are only to be 
found in his own Treatise. Among the ancient 
authors he is merely mentioned by Pliny, as one of 
those writers from whom he compiled ; and by 
FrontinuSy in his Treatise on Aqueducts, as the 
first who introduced the Quinarian measure. Though 
practising in Rome, and in the service of the 
emperors, living in Rome, and writing the sub- 
jomed work in that city, there appears nothing that 
can lead us to assert that he was a native of the 
place. MafiFei, a Veronese, strove to prove the author 
his countryman, and in corroboration adduced an in- 
scription which existed on a triumphal arch in Verona 
as hereunder ; 

L. VITRUVIUS L. L. CBRDO 
ARCHITBCTUS. 

Had this arch, however, been built by our Author, it 
would not prove him a native of the city, not looking 
to the diflFerence in the agnomen, a circumstance which 
Alciati attempted to reconcile, by supposing that of 
PoUio to be a corruption of Pellio, and that then it 
would be synonymous with Cerdo, both the one and the 
other signifying a currier. Philander, however, com- 
pletely refuted this conjecture, if mdefc^ T^^\i\aJC\^TJL 
could have been necessary, for the axcbi iXasM c«^\ax!wai 
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a violation of a rule insisted on by Vitruvius, thai 
dentils should not occur under mutuli. 

From the fragments of inscriptions relatiye to the 
Vitruvia family, found in the neighbourhood of Formiie 
(the present Mola di Gaeta), it has been presumed, 
without a great stretch of probability, that it was id 
this territory Vitruvius was bom. The age in which 
he lived was doubtless between the time of the deatb 
of Julius Caesar and the battle of Actium, though some 
have assigned it to the reign of Titus. But his omis- 
sion of the mention of a great number of magnificent 
buildings, erected after the time of Augustus, and his 
especial mention of the theatre of Pompey as the only 
one of stone, suflfciiently prove that such a conjecture 
is not warranted by circumstances. The dedication, 
moreover, points to Augustus as the patron of Vitru- 
vius : and the incident of C. Julius, the son of Masa- 
nissa, who was in the army of Julius Caesar, having 
lodged with him, as related in the third chapter of his 
eighth book, seems clearly to indicate the time of his 
existence. 

It is likely that the following treatise was com- 
posed when he was advanced in life, and that it was 
presented to his patron after he had assumed the title 
of Augustus, that is, twenty-five years before the 
Christian aera, inasmuch as he speaks of a temple 
erected to Augustus, in his Basilica at Fang. 

He was, as may be collected from his writings, by 

no means a successful professor, though well born 

snd well educated, and certainly, notwithstanding the 

common Bopbiams of the age wloicikL ai^i^e^ \xi\cv& ^^i^ 
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a man of no ordinary talent. He was no less a military 
ihan a civil architect, as may be gathered from 
iho introduction to his first book, as well as from the 
roles, now incomprehensible, but doubtless in his time 
I Boffici^itly clear, laid down in the tenth book, respect- 
.1 ing military engines. From the introduction to the 
.1 ^}];dJ)ook we learn, that he was of small stature, and |^ 
fi?ed to some age. That he should have met with op- Y 
portion from his brethren is quite consonant with later 
experience, for the rabble of ignorant builders, and 
artisans, and draftsmen, who in the present day call 
themselves architects, and meet with considerable pa- 
tronage, are of the same class as those that flourished 
snbsequ^itly to the time of our author, even in the 
time of Michael Angelo da Buonaroti. 
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LIST OF THE SEVERAL EDITIONS AND 
VERSIONS OF VITRUVIUS. 



.— "Editio princeps." — ^Without year, place, or printer^ 
name. Printed at Borne, by Qeorge Herolt, under 
the SQperintendence of Solpitios, in or about 1480. 
It begins without title as follows : — ** lo. sulpitius 
I'ECTORi SALCTTEM. Cum dlvinum opos Yictrnyii: 
Don modo stadiosis : sed reliqois hominibns, &cy — 
At the end of the last book of Y itmyins are the fol- 
verses: 



I'Cctor habes tandem veneranda yolmnina doeti 

Victruvii : qnomm copia rara fuit. 
Hfficlege: nam disces: nova: magna: recondita: pnlchra: 

£t qase sint in re ssepe fatnra tua. 
Cmendata vides : sed peccat litera siqua 

Corrige : nemo satis lynceus esse potest. 

To the Vitruvius is subjoined, — ^** Sexti Julii Frontini 
viri consularis : de aquis que in urbem influunt : 
libellus mirabili8.''--The pages are of thirty-four 
lines, and the Vitruvius contains ninety-four fols. 
including the letter of Sulpitius, &c. The Frontinus 
contains only sixteen fols. Gaignat Catalogue 54 
francs. La Valiere ditto 130 francs. Polenus says 
there are but few errors in this edition. Harwood 
says it is a very scarce book. 
•6. — This Edition begins thus. — " Hoc in volumine haec 
opera continentur. L. Vitruvii PoUionis de Archi- 
tectura Libri decern. Sexti Julii Frontini de Aqu»- 
ductibus Liber unus. Angeli Politiani Opusculum : 
quod Panepistemon inscribitur. Angeli Politiani 
in priora Analytica praelectio, cui titulus est Lamia." 
— At the end of the Vitruvius : — " Florentiae imprea- 
sum anno a natali ChriBtismo M.CCCC.LXXXXVI.^ — -ViV 
—According to Fabricius, the ortYiogTapVi^ oi XXscA 
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edition is more correct than the preceding one of 
Sulpitius ; in other respects it is very like it. It is 
quite as scarce as the editio princeps. 

1497. — This volume begins, — " Hoc in Volumine continentur : 
Cleonidae Harmonicum Introductorium interprete 
Georgio Valla Placentino. L. Vitruvii PoUionis de 
Architectura Libri Decern. Sexti Julii Frontini de 
Aquseductibus Liber unus. Angeli Politiani Opus- 
culum : quod Panepistemon inscribitur. Angeli Poli- 
tiani in priora Analytica prsBlectio, cui titulus est 
Lamia.'' — At the end of the Vitruvius, — " Impressum 
Venetiis, per Simonem Papiensem dictum Bivilaquam : 
Anno M.cccc.Lxxxxvii. die tertio Augusti." — ^fol. 
With a few slight variations in the text, this is litke 
more than a reprint of the preceding Florence 
Edition, as regards Vitruvius. The Gleonidas is an 
addition to it. The name^'of the Editor does not 
appear ; he has divided the chapters of the iSrst book 
differently from those of the two former editions. 
This book, though not common, does not fetch a large 
price. 

1611, — "M. Vitruvius per locundum solito castigatior fac- 
tus, cum figuris et tabula, ut iam legi et intelligi 
possit." — At the end, — "Impressum Venetiis ao 
magis quam unquam allquo alio tempore emendatum : 
sumptu miraque diligentia loannis de Tridino alias 
Tacuino. Anno Domini m.d.xi. die xxii. Maii. Keg- 
nante inclito Duce Leonardo Lauredano."— fol. — With 
many wood blocks. This was the first edition illus- 
trated with Figures. Jocundus altered the text of 
the two former editions in many places. Polenus 
thinks he carried his emendations further than he 
was justified in doing ; but he gives the preference to 
this over the former editions. 

1513. — " Vitruvius iterum et Frontinus a locundo revisi re- 
purgatique quantum ex coUatione licuit."— At the 
end : — " Hoc opus praecipua diligentia castigatum, et 
cura summa excusum est Florentise sumptibus Phi- 
lippi de Giunta Florentini, anno Domini m.d. xiii. 
mense Octobri." — Small octavo. — The figures in this 
edition are the same as the preceding, but consider- 
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ably reduced and more imperfectly cut. It is ex- 
tremely scarce, and produced an enormous price 
(eleven guineas) at an auction in this country a few 
years since. 

1522. — "M. Vitruvii de Architectura Libri decem nuper 
maxima diligentia castigati, atque excusi, additis 
Julii Frontini de Aqusaductibus libris propter materisB 
afSnitatem."* — At the end : — ** Impressum FlorentiflB 
per haBredes Philippi luntse Anno Domini, mdxxii. 
sexto Kal. Novembris." — Small octavo. This is a re- 
print of the preceding edition with the same blocks 
for the figures. 

1523. — "M. Vitruvii de Architectura Libri decem, summa 
diligentia recogniti, atque excusi. Cum nonnullis 
figuris sub hoc signo* positis, numquam antea im- 
pressis. Additis lulii Frontini de Aquseductibus 
libris, propter materisB affinitatem. 1523.^ — Small 
octavo. Without place or printer's name. This is a 
counterfeit of the Giunta edition. And though Po- 
lenus conjectures it was printed at Florence, there is 
little doubt that it was the work of Will. Huyon of 
Lyons. The figures added with the mark ♦ attached 
to them, are reduced from those of the first Italian 
version of the author by Ceesar Csesarianus 1521, 
which is hereinafter noticed. 

1543. — "M. Vitruvii, viri susb professionis peritissimi, de 
Architectura Libri Decem, ad Augustum Csesarem 
accuratiss. conscripti : et nunc primum in Qermania 
qua potuit diligentia excusi, atque hinc inde Schema- 
tibiis non iniucundis exornati. Adiecimus etiam 
propter argumenti conformitatem, Sexti lulii Fron- 
tini de Aquaeductibus urbis BomsB libellum. Item ex 
libro Nicolai Cusani Card, de Staticis experimentis 
Fragmentum. Cum Indice copiosissimo, et disposi- 
tione longe meliori, quam antea." — At the end: — 
" Argentorati. In officina Knoblochiana per Oeor- 
gium MachsBropieum. Anno 1543." — Quarto. The 
text is. nearly the same as that of Jocundus. The 
figures Qf the wood blocks are partly borrowed from 
the Giunta edition, and partly from the translation of 
Gsesarianus* 
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1560.—" M. Vitruvii PoUionis, viri 8ti» professfonis peritiB 
simi, de Architectura Libri x. ad Avgustum Csesaren 
accuratiBsinie conscript!, et locis quam plnrimis ha( 
editione emendati. Adiunctis niinc primum Gnlielmj 
Philandri Castilionii Galli, Civis Rom. OaBtigationibiu 
atque AnnotatioDibus in eosdem longe doctisBimis ad 
Franciscum YaleBlum Galliarum Regem. Una cum 
Lib. II. Sex. lulii lYontini de Aqufleductibus urbia 
Romae, et Nicolai Cusani Dialogo de Staticis experi- 
mentis. Cum GrsBCo pariter et Latino indice, dispo- 
sitione copiaque elaboratissimo." — At the end:— 
** Argentorati, ex officina Knoblochiana, per Georginm 
Machaeropieum, Mense Augusto, Anno m.d.l."— 
Quarto. The text is the Bame aB that of the 1543 
edition. The notcB of Philander which are added, 
were first published in 1544 at Rome in 8vo, but with- 
out the text of Vitruvius. 

3562. — " M. Vitruvii Pollionis de Architectura Libri decern 
ad Ca^sareni Augustum omnibus omnium editionibae 
longe emendatiores, collatis veteribus exemplis. Ac* 
cesserunt Gulielmi Philandri Castilionii, civis Rom. 
Annotationes castigatiores, et plus tertia parte locu- 
pletiores. Adiecta est Epitome in o nines Georgii 
Agricolse de mensuris et ponderibus Libros, eodem 
autore. Cum Graeco pariter et Latino indice locu- 
pletissimo. Lugduni. A pud loan. Torniesium, 155*2.^ 
— Quarto. Philander himself superintended this edi- 
tion, chiefly following the Giunta text, wldcli he col- 
lated with several MSS. The wood blocks are bettex 
than in any preceding edition. 

1567. — "M. Vitruvii Pollionis de Architectura Libri decem 
cum commentariis Danielis Barbari, elect! Patriarcha 
Aquileiensis : multis sediticiorum, horologiorum, e' 
Machinarum descriptionibus, et figuris, una cum indi 
cibus copio^is, auctis et illustratis. Venetiis. Apu( 
Franciscium Senensem, et loan. Crugher Germanum 
1567." — Folio. Barbaro in this seems to have mostly 
followed Philander*8 edition of 1562. 

1586.—" M. Vitruvii Pollionis de Architectura Libri decem 
ad Caesarem Augustum, omnibus omnium editionibu 
longe emendatiores, coUatiB \etex\b\i& o^L^ixi^Ai^. ^c 



cessemnt Gnlielini Philandri Oagtilionii, Oivis Bom. 
Annotationes castigatiores, et plus tertia parte loon- 
pletiores. Adiecta est Epitome in omnes Georgii Agri« 
colse de mensoris et ponderibus librog eodem auctore. 
Com GrsBCo pariter et Latino Indice locnpletiBsimo, 
H.D.I.XXXVI. Apad loan. Tomaesinm, tyx>ogr. Beg. 
Lngd.^ — Qaarto. Harwood says that the Editor of 
this edition was Jo. Tornsesius junior, and that it is 
more correct, though less elegant than that produced 
by the father in 1552. 

549. — "M. Vitruvii PoUionis de Architectura Libri decem, 
cum notis, castigationibus, et observationibus Guli- 
elmi Philandri integris; Danielis Barbari excerptis, 
et Claudii Salmasii passim insertis. Prsemittuntur 
Elementa Architecturse coUecta ab illustri Yiro 
Henrico Wottono Equite Anglo. Accedunt Lexicon 
Yitruvianum Bemardini Baldi Urbinatis Guastell» 
Abbatis ; et eiusdem scamilli impares Yitruviani. De 
Pictura Libri tres absolutissimi Leonis Baptistse de 
Albertis. De Sculptura excerpta maxime animad- 
vertenda ex Dialogo Pomponii Gaurici Neapolit. Lu- 
dovici Demontiosii Commentarius de Sculptura et 
Pictura. Cum variis Indicibus copiosissimis. Omnia 
in unum collecta, digesta, et illustrata a loanne de 
Laet Antverpiano. Amstelodami. Apud Lud. Elze- 
virium. Anno 1649." — Folio. This has been usually 
considered the best edition of the Author : it was 
certainly at that period the most splendid edition, 
to which the Elzevir type not a little contributed. 
De Laet professes to follow the text of Philander^s 
edition ; but neither was this accurately done, nor 
were the notes of Philander, nor the Lexicon of 
Baldus given entire, as the title would import. The 
most valuable novelty in this edition is the Com- 
mentary of Meibomius on those Chapters relating 
to musical notation. 

758.-r-An Edition by the Marchese Berardo Galiani. Folio. 
Naples. This was accompanied by an Italian Yer- 
sion, which will be hereafter noticed among the 
Italian Editions. Harwood says this is ** a fair 
and ralaable Edition.^ Not noticed \)y ScYoiev^et. 
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1800. — "M. Vitruvii Pollionis de Architectura Libri decern. 
Ope Codicis Guelferbytani, editionis principis, cetero- 
mmque subsidiorum recensuit, et Glossario, in quo 
Yocabala artis propria Germ. Ital. Gall, et Angl. 
explicaDtar, illustravit Augustiis Rode Dessayiensis. 
Berolini, snmtibus Aug. Mylii. 1800." — Two thin 
volumes Quarto. The plates to this Edition were 
published in Folio in the ensuing year to the num- 
ber of twenty. The text of this Edition is of little 
value. The plates though ill executed and the 
glossary in five languages, are useful to the Archi- 
tectural student. It has no notes appended. 

1807. — " M. Vitruvii Pollionis de Architectura Libri Decem 
ad Optimas Editiones coUati. Praemittitur Notitia 
literaria Studiis Societatis Bipontinee. Accedit Ano- 
nymi scriptoris veteris ArchitectursB compendium 
cum indicibus. Argentorati Ex Typographia Socie- 
tatis MDCccvii." — Octavo. 

1807. — "Marci Vitruvii Pollionis De Architectura Libri 
Decem. Ex fide librorum scriptorum recensuit, 
emendavit, suisque et vivorumdoctorumAnnotation- 
ibus illustravit lo. Gottlob Schneider, Saxo. Lipsise^ 
sumtibus et Litteris G. J. Goschen. Anno mdcccvii." 
— 3 Vols. Imper, Octavo. This Edition, the second 
and third volumes of which are devoted to com- 
mentaries on the text, is the best edition of the 
Author which has appeared. It is much to be re- 
gretted that it was published without plates ; with 
the addition of them it would have been a perfect 
book. 



SPANISH VERSIONS. 

1602.—" Los diez libros de Arquitectura de Marco Vitruvio 
Pollion, traducidos del Latin por Michael de Urrea. 
Alcala de Henarez. 1602."— Folio. 
1787. — " Los diez libros de Architectura de M. Vitruvio Pol- 
lion, traducidos del Latin y commentados por Don 
Joseph Ortiz y Sanz. Presbytero. Madrid. 1787." — 
Large Folio, with plates. 
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FBENOH VERSIONS. 

1547. — " Architecture, ou Art de bien bastir de Marc Vi- 
trnve PoUion, autheur Bomain antique ; mis de Latin 
en Francois par Jan Martin, secretaire de Monseig^. 
le Cardinal de Lenonconrt. Poor le Boy tr^s Chres- 
tien Henry 11. A Paris. Pour la veuve et heritiers 
de Jan. Barbe. 1547." — Folio. This was the first 
French Version of Vitruvius. 

1572. — " A Beprint of the preceding by Jerome de Mamef 
et Gull. Cavellat. Fol. Paris. 

1618.— The Third French Version. Printed in Quarto at 
Gteneva from the two preceding Editions by Jean de 
Toumes. ^ 

1673. — "Les dix Livres d' Architecture de Vitrttve, corrigez 
et traduits nouvellement en Francois, avec des Notes 
et des Figures. A Paris, chez Jean Bapt. Coignard. 
1673." — Large Folio. This was a version worthy of 
Perrault the Translator. Though in many parts it 
is impossible to agree with him in his Interpretation 
of the Text, yet it is a most valuable work. The 
figures are numerous and well executed on copper. 

1684. — " Les dix Livres d' Architecture de Vitruve corrigez 
et traduits nouvellement en Francois, avec des Notes 
et des Figures. Seconde edition revue, corrig^e, et 
augment^e. Par M. Perrault de PAcademie royale 
des Sciences, Docteur en Medecine de la Faculte de 
Paris. A Paris, chez Jean Bapt. Coignard, Impri- 
meur ordinaire du Boy, rue St. Jaques, k la Bible 
d'or. 1684.'* — Large Folio. This is, notwithstanding 
the wear of the plates, the best of Perrault's Edi- 
tions; and copies of it, in which Seb. Le Clerc's 
plate representing the machinery for raising the two 
large stones of the Pediment of the Louvre appears, 
are valuable. 

1816. — " L'Architecture de Vitruve traduite en Francois, 
avec des remarques par le Bioul. Bruxelles 1816." — 
Quarto, with plates. 
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GERMAN VERSIONS. 

1648. — " Vitruvius Tensch. AUes mit schoenen kunstlich< 
Figuren and Antiqniteten, und Sonderlichen Goi 
mentarien zu mehrerem Bericht and beisserem Ye 
stand gezieret and erkloeret. Darch D. Gaaltheru 
H.- Riviuin. Medic. & Mathem. Yormals in teatsc 
sprach za transferiren noch von niemand sonstandc 
standen, sondern fur anmiiglichen geachtet worde 
Za Nurnberg triickts Johan Petreias." — Folio. Wi 
plates on wooden blocks cut by Erard Schcen. 

1676. — A repetition of the preceding. Basil. Folio. 

1614. — Another repetition with this title : — " Vitravias. D 
allernamhafPtigsten annd Hocherfahmesten, Roemj 
chen Architecti|hinnd Knnstreichen Werck oder Ba^ 
meisters, Marci Vitravij Pollionis, zehen Bilcher V( 
der Architectar and kilnstlichem Bawen. E 
Schlussel und eynleitung aller MathemaMschen ani 
Mechanischen Kunst, Scharfsinniger fleissiger nac 
trachtung oder Speculation k nstlicher Wercke & 
Erstmals verteutscht, unnd in Truck verordnet dan 
D. Gualterum H. Rivium. Vormalsin Teutsche Spra< 
zu transferiren, noch von niemand sonstunderstande 
Bonder fiir unmiiglich geachtet worden. Jetzt ab 
an Tilen Orten verbessert. Getruckt zu Basel. Dur< 
Sebastian Henricpetri, im Jar nach der Gebu 
Christi m-dcxiv.** — Folio. 

1796. — "Des Marcus Vitruvius Pollio Baukunst. Aus d 
Roemischen TJrschrift iibersetzt von August Roc 
Zwey Thaile. Leipzig."— Quarto. In the first volun 
is a life of Vitruvius. This edition contains mas 
illustrations of the Author. 



ENGLISH. 

1771. and 1791. — "The Architecture of Marcus Vitravias Po 

lio, translated from the original Latin by W. Newto: 

Architect, London, Dodsley." — Large Folio. The fin 

volume was published in 1771, and the second : 

179 J, with many plates. T\nft "£.^^1011 cxX^Vbvt^feiw 
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a mixtnre of ignorance of the language of the ori- 
ginal in the translation of the text, with so much 
intelligence in some of the notes, that it is difficult 
to believe they are from the same hand. 

Latterly has appeared a translation of the third, 
fourth, fifth, and sixth books of Vitruvius, by W. Wil- 
kins, A.M. F.S.A. The text of these, however, is not 
entire, and the introduction to each or them is 
omitted altogether. — So that hitherto the only entire 
English version is that by Newton above mentioned. 

ITALIAN. 

1621.—" Di Lucio Vitruvio PoUione de Architectura Libri 
Dece tradncti de Latino in Vulgare affigurati : Com- 
mentati : et con mirando ordine Insigniti : per il quale 
facilmente potrai trovare la multitudine de li abstrusi 
et reconditi Vocabuli a li sol loci etin epsa tabula con 
summo studio expositi et enucleati ad Immensa utili- 
t&te de ciascuno Sfudioso et benivolo di epsa opera. 
Cum Gratia et Privilegio.'' At the end, — "Quifinisce 
L'opera praeclara de Llicio Vitruvio Pollione de Archi- 
tectura traducta de latino in vulgare: Historiata e 
Commentata a le spese e Instantia del Magnifico D. 
Augustino Gallo Citadino Comense e Regie Referenda- 
rio in epsa Citate : e del nobile D. Aluisio da Pirovano 
Patricio Milanese : Emendata e Castigata cum summo 
studio e diligentia except© alchune poche cosse quale 
sono poste nella infrascripta tabula de li Errori li quali 
non se hano possuto fugire per langustia dil tempo," 
&c. — "E Impressa nel amoena et delectevole Citate 
de Como per Magistro Gotardo da Ponte Citadino Mi- 
lanese; ne 1 anno del nro Signore Jesu Christo 
M.D.xxi. XV. merisis Julii. Regnante il Christianis- 
simo Re de Franza Francisco Duca di Milano," — &c. — 
" Laus Deo."— Large Folio. This book, which is ex- 
ceedingly rare, is the earliest version of Vitruvius, and 
was translated with the assistance of Benedict Jovius, 
by Caesar Csesarianus, who was one of the architects 
of the Cathedral of Milan, circ^ 1491. Aa \«A,^ «l«» \)Mi 
jrear 1810 it was in contemplation to^nisli aomfe -^^.xV.^ 
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of that cathedral according to drawings left by him. 
Some of the wood engravings of this edition were 
reduced and inserted in the counterfeit copy of the 
Giunta edition of 1523. Among the curious plates 
inserted in this translation, are, on folio 14, and on 
the recto and reverse of folio 15, a plan and two sec- 
tions of the Cathedral at Milan. 

1624.—" M. L Vitruvio Pollione de Architectura traducto 
di Latino in Vulgare dal vero exemplare con le figure 
a li soi loci con mirando ordine insignito : con la sua 
tabula alphabetical per la quale potrai facilmente 
trovare la moltitudine de li vocabuli a li soi loci con 
summa diligentia expositi : et enucleati : mai piu da 
niuno altro fin al presente facto ad immensa utilitate 
di ciascuno studioso." — At the end, " Stampata in Ve- 
netia, in le Case Joanne Antonio et Piero Fratelli de 
Sabio. Nel anno del Signore, m.d.xxiiii. Del mese 
di Martio." — Folio. This is a repetition of the preceding 
edition, but without the notes of Caesar Csesarianus. 

1635. — "M. L. Vitruvio Pollione di Architettura dal vero 
esemplaro latino nella volgar lingua tradotto : e con 
le figure a suoi luoghi c^ mirando ordine insignito. 
Anchora con la tavola alfabetica : nella quale facil- 
mente si potra trovare la moltitudine de vocaboli a 
suoi luoghi con gran diligenza esposti ; e dichiarati : 
mai piu da alcuno altro fin al presente stampato a 
grande utilita di ciascuno studioso.*' — At the end of 
the Index, — "In Vinegia, per Nicolo de Aristotile 
detto Zoppino. Nelli anni del Signer nostro Giesa 
Christo dope la sua nativita m.d.xxxv. del mese di 
Marzo." Folio. This is copied from the preceding 
edition, but the Index is not quite so copious. 

1536. — A Translation of the first five Books, by Gianbatista 
Caporali. Perugia. Folio. 

1556.—" I dieci Hbri dell' Architettura di M. Vitruvio, tra- 
dutti et commentati da Monsignor Barbaro Eletto 
Patriarca d'Aquileggia. Con due Tavole, I'una di 
tutto quelle si contiene per i Capi neir Opera, V altar 
per dechiaratione di tutte le cose d' importanza. In 
Vinezia, per Francesco Marcolini, mdlvi.'' — Folio. 

1667.—''1 dieci Libri dell' Architettiaa di M, Vitruvio. , 
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Tradotti et commentati da Mons. Daniel Barbaro 
eletto Patriarca d'Aquileia, da lui riveduti et ampliati ; 
et hora in piu commoda forma ridotti. In Venetia, 
Appresso Francesco de^ Franceschi Senese, et Gio- 
Tanni Crugher Alemanno Compagni mdlx.vii." — 
Qaarto. 

84.—" I dieci Libri," — &c. (iit supra). — " In Venetia, Ap- 
presso Francesco do' Franceschi Senese mdlxxxiiii." 
Qaarto. Similar to the preceding edition. 

29.-" I Dieci Libri deU' Arcliitettura di M. Vitruvio, Tra- 
dotti, et Commentati da Monsig. Daniel Barbaro Pa- 
triarca d^Aquileia, da ltd riveduti, et ampliati ; et hora 
in questa naova Imprcssione per Maggior Comodita 
del Lettore, le materie di ciascun Libro ridotte sotto 
capi, &c. In Yenctia. Appresso Alessandro de 
Vecchj, MDCxxix." — Small folio. Very similar to the 
preceding edition. 

U.— " L'Architettura di Vitruvio Libri Dieci. Tradotta, 
e Commentata da M onsig. Daniel Barbaro Patriarca 
d^Aquileia, da lui riveduta, et arapliata. Et hora in 
questa nuova Impressione per maggior comoditii del 
Lettore, le materie di ciascun Libro ridotte sotto capi 
etc. In Venetia, mdcxxxxi. Per li Turrini." — Small 
folio. Little differing from the preceding. 

>8.—" L'Architettura di M. Vitruvio Pollione colla tradu- 
zione Italiana e Comento del Marchese Berardo Acca- 
demico Ercolancnse, &c. In Napoli mdcclviii. 
Nella Stamperia Simoniana." Folio. Accompanied 
with the Latin text. 

K).— Another Edition, by Galiani, similar to the preceding^ 
but without the Latin text. 
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INTRODUCTION. 

Whilst, O Csesar, your god-like mind and genius were 
engaged in acquiring the dominion of the world, your 
enemies having been all subdued by your unconquerable 
valour ; whilst the citizens were extolling your victories, 
and the conquered nations were awaiting your nod ; 
^hilst the Eoman senate and people, freed from alarm. 
Were enjoying the benefit of your opinions and counsel 
for their governance; I did not presume, at so unfit a 
'.period, to trouble you, thus engaged, with my writings 
■ on Architecture, lest I should have incurred your dis- 
pleasure. When, however, I found that your attention, 
not exclusively devoted to state afiairs, was bestowed on 
the state of the public buildings, so that the republic 
was not more indebted to you for its extended empire, 
in the addition of so many provinces, than for your 
rous public buildings by which its grandeur is 
manifested, I considered it right that no time 
d be lost in laying these precepts before you. My 
^aDce for the memory of your virtuous ieAiiet, \ft 
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whom I was well known, and from whom, now a partici- 
pator in council with the gods, the empire descended to 
you, has been the cause of your good will towards me. 
Hence, together with M. Aurelius, P. Numisius, and Cn. 
Cornelius, I have been appointed to, and receive the 
emoluments arising from the care of, the various en- 
gines of war which you assigned to me on the recom- 
mendation of your sister. As, through your kindness, 
I have been thus placed beyond the reach of poverty, I 
think it right to address this treatise to you ; and I feel 
the more induced to do so from your having built, and 
being still engaged in the erection of, many edifices. 
It is proper to deliver down to posterity, as a memorial, 
some account of these your magnificent works. I have 
therefore giyen such definite directions for the conduct 
of works, that those already executed, as well as those 
hereafter to be constructed, may be by you well known 
and understood. In the following pages I have de- 
veloped all the principles of the art. 



CHAPTER I. 

WHAT ARCHITECTUKE IS: AND OF THE EDUCATION 

OF AN ARCHITECT. 

Abchitecture is a science arising out of many other 
sciences, and adorned with much and varied learning ; by 
the help of which a judgment is formed of those works 
which are the result of other arts. Practice and theory 
are its parents. Practice is the frequent and continued 
contemplation of the mode of executing any given work, 
or of the mere operation of the hands, for the conversion 
of the material in the best and readiest way. Theory is 
the result of that reasoning which demonstrates and ex- 
plains that the material wrought has been so converted 
as to answer the end proposed. Wherefore the mere 
practical architect is not able to assign sufficient reasons 
for the forms he adopts ; and the theoretic architect also 
fails, grasping the shadow instead of the substance. He 
who is theoretic as well as practical, is therefore doubly 
armed ; able not only to prove the propriety of his de- 
sign, but equally so to carry it into execution. In 

t architecture, as in other arts, two considerations must 
he constantly kept in view ; namely, the intention, and 
ike matter used to express that intention : but the inten- 
tion is founded on a conviction that the matter wrought 
will fully suit the purpose ; he, therefore, who is not 
familiar with both branches of the art, has no pretension 
to the title of architect. An architect should be inge- 
nious, and apt in the acquisition of knowledge. Deficient 

Im either of these qualities, he cannot be a perfect master. 
He should be a good writer, a skilful draftsman, versed 
in geometry and optics, expert at figures, acquainted with 
history, informed on the principles of natursl aa^ Tiiiftx^lL 
fMkxBfophjr, somewhat of a musician, not \g!iox«ai\. cS. 
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the sciences both of law apd physic, nor of the motionSi 
laws, and relations to each other, of the heavenly bodies,. 
By means of the first named acquirement, he is to cosF 
mit to writing his observations and experience, in order 
to assist his memory. Drawing is employed in repi^« 
senting the forms of his designs. Geometry affordt(l 
much aid to the architect : to it he owes the use of thff < 
right line and circle, the level and the square ; whereby, 
his delineations of buildings on plane surfaces are greatly 
facilitated. The science of optics enables him to intro- 
duce with judgment the requisite quantity of light, ac- 
cording to the aspect. Arithmetic estimates the cosV 
and aids in the measurement of the works; this, assisted 
by the laws of geometry, determines those abstruse 
questions, wherein the different proportions of some 
parts to others are involved. Unless acquainted with 
history, he will be unable to account for the use of 
many ornaments which he may have occasion to intro- 
duce. For instance ; should any one wish for information 
on the origin of those draped matronal figures crowned 
with a mutulus and cornice, called Caryatides, he will 
explain it by the following history. Carya, a city of 
Peloponnesus, joined the Persians in their war againsfc 
the Greeks. These in return for the treachery, after 
having freed themselves by a most glorious victory front 
the intended Persian yoke, unanimously resolved to levy 
war against the Caryans. Carya was, in consequence, 
taken and destroyed, its male population extinguished, 
and its matrons carried into slavery. That these cir- 
cumstances might be better remembered, and the nature 
of the triumph perpetuat.ed, the victors represented them 
draped, and apparently suffering under the burthen with 
which they were loaded, to expiate the crime of their 
native city. Thus, in their edifices, did the antient 
architects, by the use of these statues, hand down to pos- 
terity a memorial of the crime of the Caryans. Again; 
a small number of Lacedeemoniaiis, imdec \kQ coi&majid 



of Pausanias, the son of Cleombrotns, overthrew the 
prodigions army of the Persians at the battle of Platea. 
Afier a trinmphal exhibition of the spoil and booty, the 
proceeds of the valour and devotion of the victors Were 
a^hed by the government in the erection of the Persian 
portico ; and, as an appropriate monument of the vic- 
tory, and a trophy for the admiration of posterity, its 
Toctf was supported by statues of the barbarians, in their 
magnificent costume ; indicating, at the same time, the 
merited contempt due to their haughty projects, intimi- 
dating their enemies by fear of their courage, and acting 
IB a stimulus to their fellow countrymen to be always in 
readiness for the defence of the nation. This is the 
origin of the Persian order for the support of an en- 
tablature ; an invention which has enriched many a 
design with the singular variety it exhibits. Many other 
matters of history have a connexion with architecture, 
and prove the necessity of its professors being well 
Tersed in it. Moral philosophy will teach the architect 
to be above meanness in his dealings, and to avoid ar- 
rogance : and will make him just, compliant and faithful 
to his employer ; and what is of the highest importance, 
it will prevent avarice gaining an ascendancy over him : 
finr he should not be occupied with the thoughts of filling 
his coffers, nor with the desire of grasping every thing 
in the shape of gain, but, by the gravity of his manners, 
and a good character, should be careful to preserve his 
dignity. In these respects we see the importance of 
moral philosophy; for such are her precepts. That 
Inranch of philosophy which the Greeks call <f)xxrLo\oyia, 
or the doctrine of physics, is necessary to him in the 
solution of various problems ; as for instance, in the 
conduct of water, whose natural force, in its meandering 
and expansion over flat countries, is often such as to re- 
quire restraints, which none know how to apply, but 
those who are acquainted with the laws of TLa\.\\xe*. TV.Qt^ 
Indeed, unless grounded in the first prmeipVea oi ^\i^^vi^ 
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can he study with profit the works of Ctesibitts, Ardfl 
medes, and many other authors who have written on M. 
subject. Music assists him in the use of harmonic ibI 
mathematical proportion. It 'is, moreover, absoltitd| 
necessary in adjusting the force of the balistee, catapuKII 
and scorpions, in whose frames are holes for the passiK 
of the homotona, which are strained by gut-ropes ^ 
tached to windlasses worked by hand-spikes. Unlei 
these ropes are equally extended, which only a nice ear<tti 
discover by their sound when struck, the bent arms « 
the engine do not give an equal impetus when diBM 
gaged, and the strings, therefore, not being in eqj^ 
states of tension, prevent the direct flight of the weapott 
So the vessels called ^x^ta by the Greeks, whidh ttM 
placed in certain recesses imder the seats of theatni 
are fixed and arranged with a due regard to the laws d 
harmony and physics, their tones being fourths, fiiHi 
and octaves ; so that when the voice of the actor is b 
unison with the pitch of these instruments, its power i 
increased and mellowed by impinging thereon. He would 
moreover, be at a loss in constructing hydraulic an 
other engines, if ignorant of music. Skill in physi 
enables him to ascertain the salubrity of different trad 
of country, and to determine the variation of climatefl 
which the Greeks call Kkifiara : for the air and water c 
different situations, being matters of the highest imporl 
ance, no building will be healthy without attention t 
those points. Law should be an object of his stactj 
especially those parts of it which relate to party-walte, t 
the free course and discharge of the eaves' waters, tb 
regulations of sesspools and sewage, and those relatiHi 
to window lights. The laws of sewage require his pn 
ticular attention, that he may prevent his employe* 
being involved in law-suits when the building is finished 
Contracts, also, for the execution of the works, shonl 
he drawn with care and precision : because, when wit! 
out legal flaws, neither party ^i\i "be «ib\^ \a Xaka ^a^ti 



tage of the other. Astronomy instmcts him in the 
points of the heavens, the laws of the celestial bodies, 
the equinoxes, solstices, and courses of the stars ; all of 
which should be well understood, in the construction 
and proportions of clocks. "^ Since, therefore, this art is 
founded upon and adorned with so many different sci- 
oiees, I am of opinion that those who have not, from 
their early youth, gradually climbed up to the summit, 
cannot, without presumption, call themselves masters of 
it Perhaps, to the iminformed, it may appear imac- 
eonntable that a man should be able to retain in his 
memory such a variety of learning ; but the close al- 
fiance with each other, of the diflferent branches of 
Kience, will explain the difficulty. For as a body is 
composed of various concordant members, so does the 
whole circle of learning consist in one harmonious sys- 
tem. Wherefore those, who from an early age are 
initiated in the different branches of learning, have a 
fiicility in acquiring some knowledge of all, from their 
common connexion with each other. On this account 
Pjthius, one of the antients, architect of the noble 
temple of Minerva at Priene, says, in his commentai'ies, 
that an architect should have that perfect knowledge of 
each art and science which is not even acquired by the 
professors of any one in particular, who have had every 
opportunity of improving themselves in it. This, how- 
ever, cannot be necessary ; for how can it be expected 
that an architect should equal Aristarchus as a gramma- 
rian, yet should he not be ignorant of grammar. In 
music, though it be evident he need not equal Aris- 
tozenus, yet he should know something of it. Though 
he need not excel, as Apelles, in painting, nor as Myron 
or Polycletus, in sculpture, yet he should have attained 
some proficiency in these arts. So, in the science of 
medicine, it is not required that he should equal Hippo- 
crates. Thus also, in other sciences, it ia iio\. vai^Ci^«s:i^ 
that preeminence in each be gained, "but "bie lawsX, wq\. 



however, be ignorant of the general principles of 
For in such a variety of matters, it cannot be supp( 
that the same person can arrive at excellence in 
since to be aware of their several niceties and bearxi 
cannot fall within his power. We see how few of the 
who profess a particular art arrive at perfection in it, 
as to distinguish themselves : hence, if but few of the 
practising an individual art, obtain lasting fame, 
should the architect, who is required to have a knov^-] 
ledge of so many, be deficient in none of them, 
even excel those who have professed any one exclusively.- 
Wherefore Pythius seems to have been in error, finw / 
getting that art consists in practice and theory. Theoiy 
is common to, and may be known by all, but the result 
of practice occurs to the artist in his own art only. The 
physician and musician are each obliged to have some 
regard to the beating of the pulse, and the motion of 
the feet, but who would apply to the latter to heal a 
wound or cure a malady ? so, without the aid of the for- 
mer, the musician affects the ears of his audience by 
modulations upon his instrument. The astronomer and 
musician delight in similar proportions, for the positions 
of the stars, which are quartile and trine, answer to a 
fourth and fifth in harmony. The same analogy holds 
in that branch of geometry which the Greeks call Xoyos 
oTTTtKos: indeed, throughout the whole range of art, there 
are many incidents common to all. Practice alone can 
lead to excellence in any one : that .architect, therefore, 
is sufficiently educated, whose general knowledge ena- 
bles him to give his opinion on any branch when re- 
quired to do so. Those unto whom nature has been so 
bountiful that they are at once geometricians, astrono- 
mers, musicians, and skilled in many other arts, go 
beyond what is required of the architect, and may be 
properly called mathematicians, in the extended sense of 
that word. Men so gifted, discriminate acutely, and 
are rarely met with. Such, however, ^w^a knB\^x^\x»a oC 
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Samos, Philolaxis andArchytas of Tarentnm, Apollonios 
of Perga, Eratosthenes of Cyrene, Archimedes and Sco- 
{inas of Syracuse : each of whom wrote on all the 
sdences. Since, therefore, few men are thus gifted, and 
yet it is required of the architect to he generally well 
mformedy and it is manifest he cannot hope to excel in 
each art, I heseech you, O Caesar, and those who read 
Ms my work, to pardon and overlook grammatical er- 
rors; for I write neither as an accomplished philosopher, 
m eloquent rhetorician, nor an expert grammarian, hut 
as an architect : in respect, however, of my art and its 
principles, I will lay down rules which may serve as an 
mthority to those who huild, as well as to those who are 
already somewhat acquainted with the science. 



CHAPTER 11. 

OF THOSE THINGS ON WHICH AKCHITECTURE 

DEPENDS. 

Aechitecture depends on fitness (ordinatio) and ar- 
rangement (dispositio), the former being called ro^ts, in 
Greek, and the latter Sta^co-ts ; it also depends on pro- 
portion, uniformity, consistency, and economy, which the 
Greeks call ohcovofua. Fitness is the adjustment of size 
of the several parts to their several uses, and requires 
due regard to the general proportions of the fabric : it 
arises out of dimension (quantitas), which the Greeks call 
irooTOTTTs. Dimension regulates the general scale of the 
work, so that the parts may all tell and be effective. 
Arrangement is the disposition in their just and proper 
places of all the parts of the building, and the pleasing 
effect of the same ; keeping in view its appropriate cha- 
ractan It is divisible into three heads, which, coiiSAiiet^^. 



together, constitute design : these, by the Greeks, 816 " 
named iScat: they are called ichnography, orthograpl^ 1 
and scenography. The first is the representation on • j 
plane of the ground-plan of the work, drawn by rule aai-^ 
compasses. The second is the elevation of the fironfti j 
slightly shadowed, and shewing the forms of the intendaS^ 
building. The last exhibits the front and a receding sUb; ' 
properly shadowed, the lines being drawn to their propit i 
vanishing points. These three are the result of thought ' • 
and invention. Thought is an effort of the mind, ew 
incited by the pleasure attendant on success in compass- 
ing an object. Invention is the effect of this effort; 
which throws a new light on things the most recondite^ ' 
and produces them to answer the intended purpose. 
These are the ends of arrangement. Proportion is that 
agreeable hannony between the several parts of a build- • 
ing, which is the result of a just and regular agreement 
of them with each other ; the height to the width, this 
to the length, and each of these to the whole. Uni- 
formity is the parity of the parts to one another ; each 
corresponding with its opposite, as in the human figure. 
The arms, feet, hands, fingers, are similar to, and sym- 
metrical with, one another ; so should the respective 
parts of a building correspond. In sacred buildings, 
for instance, measures for the columns and the width 
of the triglyphs must be similar. In the balista, by the 
size of the hole which the Greeks call TrepCrfyrfrov] in 
ships, by the space between the thowls, which space in 
Greek is called SiTnjxaiKrj, we have a measure, by the 
knowledge of which the whole of the constfuction of 
a vessel may be developed. Consistency is foimd in that 
work whose whole and detail are suitable to the occasion. 
It arises from circumstance, custom, and nature. From 
circumstance, which the Greeks call ^c/Luirur/Aos, when 
temples ore built, hypaethral and uninclosed, to Jupiter 
Thunderer, Coelus, the Sun and Moon; because ^ese 
divinities are continually known to xia \iy thair ^re- 
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wnee night and day, and throughout all space. For a 
similar reason, temples of the Doric order are erected 
to Minerva, Mars, and Hercules ; on account of whose 
isloxir, their temples should he of masculine propor- 
tioiis, and without delicate ornament The character 
of the Corinthian order seems more appropriate to 
Venus, Flora, Proserpine, and Nymphs of Fountains; 
because its slendemess, elegance and richness, and its 
amamental leaves surmounted hy volutes, seem to 
bear an analogy to their dispositions. A medium be- 
tween these two is chosen for temples to Juno, Diana, 
Bacchus, and other similar deities, which should be of 
the Ionic order, tempered between the severity of the 
Boric and the slendemess and delicacy of the Corinthian 
order. In respect of custom, consistency is preserved 
when the vestibules of magnificent edifices are conve- 
niently contrived and richly finished : for those buildings 
eaimot be said to be consistent, to whose splendid in- 
teriors you pass through poor and mean entrances. So 
also, if dentilled cornices are used in the Doric order, 
or triglyphs applied above the voluted Ionic, thus trans- 
ferring parts to one order which properly belong to 
another, the eye wUl be offended, because custom other- 
wise applies these peculiarities. Natuyal j*^^s|js}^pnfiy 
arises from the choice of such situations for temples as 
possess the advantages of salubrious air and water; 
more especially in the case of temples erected to ^scu- 
lapius, to the Goddess of Health, and such other divini- 
ties as possess the power of curing diseases. For thus 
the sick, changing the imwholesome air and water to 
which they have been accustomed for those that are 
healthy, sooner recover ; and a reliance upon the 
divinity will be therefore increased by proper choice of 
situation. Natural consistency also requires that cham- 
bers should be lighted from the east ; baths and winter 
apartments from the south-west ; picture and other 
gSLlleries which require a steady light, from \3afi HQt^, 



because from that quarter the light is not sometimes 
brilliant and at other times obscured, but is nearly the . 
same throughout the day. Economy consists in a doe 
and proper application of the means afforded according 
to the ability of the employer and the situation chosen;- ; 
care being taken that the expenditure is prudently coifc* 
ducted. In this respect the architect is to avoid the use , 
of materials which are not easily procured and prepared-^ 
on the spot. For it cannot be expected that good pit^-- 
sand, stone, fir of either sort, or marble, can be procured 
every where in plenty, but they must, in some instancee, * 
be brought from a distance, with much trouble and ai- 
great expense. In such cases, river or sea-sand may bo 
substituted for pit-sand ; cypress, poplar, elm, and pine, .*• 
for the different sorts of fir ; and the like of the resi»' ; 
according to circumstances. The othei' branch of eco- 
nomy consists in suiting the building to the use which 
is to be made of it, the money to be expended, and the 
elegance appropriate thereto ; because, as one or other 
of these circumstances prevails, the design should be 
varied. That which would answer very well as a town 
house, would ill suit as a country house, in which store- 
rooms must be provided for the produce of the farm. 
So the houses of men of business must be differently 
designed from those which are built for men of taste. 
Mansions for men of consequence in the government 
must be adapted to their particular habits. In short» 
economy must ever depend on the circumstances of the 
case. 
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CHAPTER III. 

OF THE DIFFERENT BRANCHES OF ARCHITECTURE. 

Abohitectube consists of three branches ; namely, build- 
ing, dialling, and mechanics. Building is divided into 
tvo parts. The first regulates the general plan of the 
walls of a city and its public buildings ; the other re- 
lates to private buildings. Public buildings are for three 
purposes ; defence, religion, and the security of the pub- 
lic. Buildings for defence are those walls, towers, and 
gates of a town, necessary for the continual shelter of its 
inhabitants against the attacks of an enemy. Those for 
flie purposes of religion are the fanes and temples of the 
immortal gods. Those for public convenience are gates, 
fora or squares for market-places, baths, theatres, walks, 
aad the like ; which, being for public use, are placed in 
pnbhc situations, and should be arranged so as best to 
meet the convenience of the public. All these should pos- 
sess strength, utility, and beauty. Strength arises from 
carrying down the foundations to a good solid bottom, 
aad from making a proper choice of materials withouF 
parsimony. Utility arises from a judicious distribution of 
the parts, so that their purposes be duly answered, and 
that each have its proper situation. Beauty is produced 
by the pleasing appearance and good taste of the whole, 
and by the dimensions of all the parts being duly pro- 
portioned to each other. 
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CHAPTER IV. 

OF THE CHOICE OF HEALTHY SITUATIONS. 

In setting put the walls of a city the choice of a heal 
situation is of the first importance : it should he on h: 
ground, neither subject to fogs nor rains ; its aspe 
should be neither violently hot nor intensely cold, 
temperate in both respects. The neighbourhood o 
marshy place must be avoided ; for in such a site 
morning air, uniting with the fogs that rise in the neij 
bourhood, will reach the city with the rising sun ; 8 
these fogs and mists, charged with the exhalation of i 
fenny animals, will diffuse an unwholesome effluvia o^ 
the bodies of the inhabitants, and render the place pei 
lent. A city on the sea side, exposed to the south 
west, will be insalubrious ; for in summer mornings 
city thus placed would be hot, at noon it would 
scorched. A city, also, with a western aspect, would e^ 
at sunrise be warm, at noon hot, and in the evening 
a burning temperature. Hence the constitutions of 1 
inhabitants of such places, from such continual and < 
cessive changes of the air, would be much vitiated. T 
effect is likewise produced on inanimate bodies : nobo 
would think of lighting his wine-cellar from the south 
the west, but from the north, an aspect not liable 
these violent changes. In granaries whose aspects t 
south of the east or west, the stores are soon mine 
and provisions, as well as fruits, cannot be long preset 
unless kept in apartments whose aspects are north of! 
east or west. For heat, which acts as an alterative, 
drying up the natural moisture of any body, destroys a 
rots those substances on which it acts. Iron, for instan 
naturally of a hard texture, becomes so soil ^\ieti\ifc^^ 



in a forge as to be easily wrought into any form ; but if, 
when heated, it is suddenly immersed in cold water, it 
immediately regains its original quality. Thus, not only 
in unwholesome, but also in salubrious districts, the 
gnmmer heats produce languor and relaxation of body ; 
md in winter, even the most pestilential situations be- 
come wholesome, inasmuch as the cold strengthens and 
restores the constitution of the inhabitants. Hence, 
tiiose who change a cold for a hot climate, rarely escape 
nckness, but are soon carried off; whereas, on the other 
baud, those who pass from a hot to a cold climate, far 
from being injured by the change, are thereby generally 
strengthened. Much care, then, should be taken so to 
set out the walls of a city, that it may not be obnoxious 
to the pestilential blasts of the hot winds. For as, ac- 
eording to those principles which the Greeks call orotx^"** 
all bodies are compounded of fire, water, earth, and air, 
V7 whose union and varying proportions the different 
(pialities of animals are engendered ; so, in those bodies 
wherein fire predominates, their temperament is de- 
stroyed, and their strength dissipated. Such is the case 
in ^osure to certain aspects of the heavens whence the 
kest insinuates itself through the pores in a greater de- 
gree than the temperature of the system will bear. Bodies 
lAksh contain a greater proportion of water than is neces- 
Miy to balance the other elements, are speedily connipted, 
ind lose their virtues and properties. Hence bodies are 
much injured by damp winds and atmosphere. Lastly, 
the elements of earth and air being increased or dimi- 
nished more than is consistent with the temperature of 
«ny given body, will have a tendency to destroy its equir 
librium ; the earthly elements by repletion, the aerial by 
the weight of the atmosphere. If any one doubt this, let 
kim study the different natures of birds, fishes, and ani- 
nuds of the land, and he will easily perceive the truth of 
these principles, from the variety existing anioii."^ thftm.. 
^or Hhere is one Besh of birds, another of fida.e^, «sA «si- 
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other, very different, of land animals. Birds have a small 
proportion of earth and water in their nature, a modersto.- 
quantity of heat, and a considerable portion of air; wheneea 
being light by nature, from their component elementB* 
they more easily raise themselves in the air. Fishes, hf 
nature adapted to the watery element, are compounded 
of but a moderate degree of heat, a considerable pro- 
portion of air and earth, and a very small portion of 
water, the element in which they live ; and hence, easier 
exist in it. Wherefore, when removed from it, they soon 
die. Terrestrial animals, being constituted with mnob 
air, heat, and water, and but little earth, cannot live in the 
water, on account of the quantity of that element naturally 
preponderating in their composition. Since, then, we are 
thus constantly reminded, by our senses, that the bodies 
of animals are so constituted, and we have mentioned 
that they suffer and die from the want or superabundance 
of any one element not suitable to their temperament, 
surely much circumspection should be used in ihe choice 
of a temperate and healthy site for a city. The precepts 
of the ancients, in this respect, should be ever observed. 
They always, after sacrifice, carefully inspected the livers 
of those animals fed on that spot whereon the city was 
to be built, or whereon a stative encampment was in- 
tended. If the livers were diseased and livid, they tried 
others, in order to ascertain whether accident or disease 
was the cause of the imperfection ; but if the greater 
part of the experiments proved, by the sound and 
healthy appearance of the livers, that the water and food 
of the spot were wholesome, they selected it for the gar- 
rison. If the reverse, they inferred, as in the case of 
cattle, so in that of the human body, the water and food 
of such a place would become pestiferous ; and they 
therefore abandoned it, in search of another, valuing 
health above all other considerations. That the salubrity j 
of a tract of land is discovered by the pastures or food 1 
which it Amisbea, is sufl&cienliy cleat, from cettaixi <\aae* 
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lities of the lands in Crete, situate in the vicinity of the 
river Pothereus, which lie between the two states of 
Onosns and Gortyna. There are pasturages on each side 
of this river: the cattle, however, pastured on the Gnos- 
aan side, when opened, are found with their spleens 
perfect; whilst those on the opposite side, nearer to 
Gortyna, retain no appearance of a spleen. Physicians, 
in their endeavours to account for this singular circum- 
stance, discovered a species of herb eaten by the cattle, 
whose property was that of diminishing the spleen. 
Hence arose the use of the herb which the Cretans call 
Htnrhjvoi, as a cure for those affected with enlarged 
spleen. When, therefore, a city is built in a marshy 
situation near the sea-coast, with a northern, north- 
eastern, or eastern aspect, on a marsh whose level is 
higher than the shore of the sea, the site is not alto- 
gether improper ; for by means of sewers the waters may 
be discharged into the sea : and at those times, when 
violently agitated by storms, the sea swells and runs up 
the sewers, it mixes with the water of the marsh, and 
prevents the generation of marshy insects ; it also soon 
destroys such as are passing from the higher level, by 
the saltness of its water to which they are unaccustomed. 
An instance of this kind occurs in the Gallic marshes 
about Altinum, Ravenna, and Aquileia, and other places 
in Cisalpine Gaul, near marshes which, for the reasons 
above named, are remarkably healthy. When the 
marshes are stagnant, and have no drainage by means of 
' rivers or drains, as is the case with the Pontine marshes, 
they become putrid, and emit vapours of a heavy and 
pestilent nature. Thus the old city of Salapia, in 
Apulia, built, as some say, by Diomedes on his return 
from Troy, or, as others write, by Elphias the Rhodian, 
was so placed that the inhabitants were continually out 
lof health. At length they applied to Marcus Hostilius, 
' and publicly petitioned him, and obtained h\» eou^eut, 
to be allowed to seek and select a more TjrtioVe^oixi^ ^"^ci^ 
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to which the city might be removed. Without dsitfn 
and with much judgment, he bought an estate in •' 
healthy place close to the sea, and requested the Bomife 
senate and people to permit the removal of the city. H*^ 
then set out the walls, and assigned a portion of the boA 
to each citizen at a moderate valuation. Afker whid^ 
opening a communication between the lake and the se^ 
he converted the former into an excellent harbour for the 
city. Thus the Salapians now inhabit a healthy sitoir 
tion, four miles from their ancient city. 



CHAPTER V. 

OF THE FOUNDATIONS OF V^TALLS AND TOWEBS. 

When we are satisfied with the spot fixed on for thd 
site of the city, as well in respect of the goodness of 
the air as of the abundant supply of provisions fo^ 
the support of the population, the communications hy 
good roads, and river or sea navigation for the transport 
of merchandise, we should take into consideration the 
method of constructing the walls and towers of the cily- 
Their foundations should be carried down to a solid bot- 
tom, if such can be found, and should be built thereon 
of such thickness as may be necessary for the proper 
support of that part of the wall which stands above the 
natural level of the ground. They should be of the 
soundest workmanship and materials, and of greater 
thickness than the walls above. From the exterior face 
of the wall, towers must be projected, from which an ap- 
proaching enemy may be annoyed by weapons, from the " 
embrasures of those towers, right and left. An easy 
approach to the walls must be provided against : indeed 
tiiejr should be surrounded by uneveii growxidL, «sA >J\a 
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roads leading to the gates should he winding and torn 
to the left from the gates. By this arrangement, the 
right sides of the attacking troops, which are not covered 
hy their shields, will he open to the weapons of the he- 
sieged. The plan of a city should not he square, nor 
formed with acute angles, hut polygonal ; so that the 
motions of the enemy may he open to ohservation. A 
city whose plan is acute-angled, is with difficulty de- 
fended ; for such a form protects the attacker more than 
the attacked. The thickness of the walls should be suf- 
ficient for two armed men to pass each other with ease. 
The walls ought to he tied, from front to rear, with many 
pieces of charred olive wood ; hy which means the two 
faces, thus connected, will endure for ages. The advan- 
tage of the use of olive is, that .it is neither affected by 
weather, hy rot, or hy age. Buried in the earth, or 
immersed in water, it lasts imimpaired : and for this 
reason, not only walls, hut foundations, and such walls as 
are of extraordinary thickness, tied together therewith, 
are exceedingly lasting. The distance between each 
tower should not exceed an arrow's flight ; so that if, at 
any point between them, an attack be made, the besiegers 
may he repulsed by the scorpions and other missile en- 
gines stationed on the towers right and left of the point 
in question. The walls will be intercepted by the lower 
parts of the towers where they occur, leaving an interval 
equal to the width of the tower ; which space the tower 
will consequently occupy : but the commuliication across 
the void inside the tower, must be of wood, not at all 
fastened with iron : so that, if the enemy obtain posses- 
sion of any part of the walls, the wooden communication 
may be promptly cut away by the defenders, and thus 
prevent the enemy from penetrating to the other parts of 
the walls without the danger of precipitating themselves 
into the vacant hollows of the towers. The towers should 
be made either round or polygonal. A square is a bad 
foim, on account of its being easily fraeluiei ^\. ^<b 
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quoins by the battering-ram ; whereas the circular tower 
has this advantage, that, when battered, the pieces of 
masonry whereof it is composed being cuneiform, they 
cannot be driven in towards their centre without dis- 
placing the whole mass. Nothing tends more to the 
security of walls and towers, than backing them with walls 
or terraces : it counteracts the effects of rams as well as 
of imdermining. It is not^ however, always necessary to 
construct them in this manner, except in places where the 
besiegers might gain high ground very near the walls, 
from which, over level ground, an assault could be made. 
In the construction of ramparts, very wide and deep 
trenches are to be first excavated ; the bottom of which 
must be still further dug out, for receiving the foundation 
of the wall. This must be of sufficient thickness to resist 
the pressure of the earth against it. Then, according to 
the space requisite for drawing up the cohorts in military 
order on the rampart, another wall is to be built within 
the former, towards the city. The outer and inner walls 
are then to be connected by cross walls, disposed on the 
plan after the manner of the teeth of a comb or of a saw, so 
as to divide the pressure of the filling in earth into many 
and less forces, and thus prevent the walls from being 
thrust out. I do not think it requisite to dilate on the 
materials whereof the wall should be composed ; because 
those which are most desirable, cannot, from the situation 
of a place, be always procured. We must, therefore, use 
what are found on the spot ; such as square stones, flint, 
rubble stones, burnt or unbumt bricks ; for every place 
is not provided, as is Babylon, with such a substitute for 
lime and sand as burnt bricks and liquid bitumen ; yet 
there is scarcely any spot which does not furnish materials 
whereof a durable wall may not be built. 
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CHAPTER VT. 

OF THE DISTRIBUTION AND SITUATION OF BUILD- 

INGS WITHIN THE WALLS. 

Theib circuit being completed, it behoves us to consider 
the manner of disposing of the area of the space enclosed 
within the walls, and the proper directions and aspects 
of the streets and lanes. They should be so planned as 
to exclude the winds : these, if cold, are unpleasant ; if 
hot, are hurtful ; if damp, destructive. A fault in this 
respect must be therefore avoided, and care taken to 
prevent that which occurs in so many cities. For in- 
stauce ; in the island of Lesbos, the town of Mytilene is 
magnificently ^d elegantly designed, and well built, but 
imprudently placed. When the south wind prevails in 
it, the inhabitants fall sick ; the north-west wind affects 
them with coughs ; and the north wind restores them to 
health : but the intensity of the cold therein is so great, 
that no one can stand about in the streets and lanes. 
Wind is a floating wave of air, whose undulation con- 
tinually varies. It is generated by the action of heat 
upon moisture, the rarefaction thereby produced creating 
a continued rush of wind. That such is the case, may 
be satisfactorily proved by observations on brazen eeo- 
hpylse, which clearly shew that an attentive examination 
of human inventions often leads to a knowledge of the 
general laws of nature, ^olipylse are hollow brazen 
vessels, which have an opening or mouth of small size, 
hy means of which they can be filled with water. Pre- 
^ous to the water being heated over the fire, but little 
^d is emitted ; as soon, however, as the water begins 
tohoil, »• violent wind issues forth. Thus a aimi^lQ ex.- 
P^nment enables us to ascertain and detoraj^"^ ^< 
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causes and effects of the great operations of the heai 
and the winds. In a place sheltered from the 
those who are in health preserve it, those who are 
soon recover, though in other, even healthy pi 
they would require different treatment, and this ent 
on account of their shelter from the winds. The 
orders difficult to cure in exposed situations are coldly .] 
the gout, coughs, phthisis, pleurisy, spitting of bloodi 
and those diseases which are treated by replenishmeflj 
instead of exhaustion of the natural forces. Such dis- 
orders are cured with difficulty. First, because they UB 
the effect of cold; secondly, because the strength of tha 
patient being greatly diminished by the disorder, the air 
agitated by the action of the winds becomes poor and 
exhausts the body's moisture, tending to make it low 
and feeble; whereas, that air which from its soft and 
thick nature is not liable to great agitation, nourishea 
and refreshes its strength. According to some, theia 
are but four winds, namely, Solanus, the east wind, 
Auster, tlie south wind, Favonius, the west wind, and 
Septcntrio, the north wind. But those who ai^e more 
curious in these matters reckon eight winds; among 
such was Andronicus Cyrrhestes, who, to exemplify the 
theory, built at Athens an octagonal marble tower, on 
each side of which was sculptured a figure representing 
the wind blowing from the quarter opposite thereto. 
On the top of the roof of this tower a brazen Triton 
with a rod in his right hand moved on a pivot, and 
pointed to the figure of the quarter in which the wind 
lay. The other winds not above named are Eurus, the 
south-east wind, Africus, the south-west wind, CaumSi 
by many called Corns, the north-west wind, and Aquilo 
the north-east wind. Thus are expressed the number 
and names of the winds and the points whence they 
blow. To find and lay down their situation we pro- 
ceed as follows : let a marble slab be fixed level in 
tlie centre of the space enclosed by \iie \i«X\a, ot \at 
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\ ground be smoothed or levelled, so that the slab 
ij not be necessary. In the centre of this plane, for 
B purpose of marking the shadow correctly, a brazen 
tomon mnst be erected. The Greeks call this gnomon 
wi^pas. The shadow cast by the gnomon is to be 
arked about the fifth ante-meridional hour, and the 
±reme point of the shadow accurately determined, 
ram the central point of the space whereon the gno- 
Mm stands, as a centre, with a distance equal to the 
aigth of shadow just observed, describe a circle, 
fier the sun has passed the meridian, watch the sha- 
ow which the gnomon continues to cast till the moment 
hen its extremity again touches the circle which has 
een described. From the two points thus obtained in 
le circumference of the circle describe two arcs in- 
JTsecting each other, and through their intersection and 
le centre of the circle first described draw a line to 
8 extremity : this line will indicate the north and south 
omtg.j One-sixteenth part of the circumference of the 
fhole circle is to be set out to the right and left mf 
lie north and south points, and drawing lines from the 
oints thus obtained to the centre of the circle, we have 
ne-eighth part of the circumference for the region of 
b north, and another eighth part for the region of the 
}uth. Divide the remainders of the circumference on 
ach side into three equal parts, and the divisions or re- 
lons of the eight winds will be then obtained : then let 
le directions of the streets and lanes be determined by 
le tendency of the lines which separate the different 
gions of the winds. Thus will their force be broken 
id turned away from the houses and public ways ; for 
the directions of the streets be parallel to those of the 
nds, the lAtter will rush through them with greater 
olence, since from occupying the whole space of the 
rronnding country they will be forced up through a 
trrow pass. Streets or public ways ought t\ietefat^ \G 
so set out, that when the winds blow lattc^ ^<evt n\q- 
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lence may be broken against the angles of the 
divisions of the city, and thus dissipated. Those 
are accustomed to the names of so many winds, 
perhaps be surprised at our division of them into 
only ; but if they reflect that the circuit of the 
was ascertained by Eratosthenes of Cjnrene, from 
matical calculations, founded on the sun's course, 
shadow of an equinoctial gnomon, and the obliquity 
the heavens, and was discovered to be equal to twtf] 
hundred and fifty-two thousand stadia or thirty-one mt\ 
lions and five hundred thousand paces, an eighth pait] 
whereof, as occupied by each wind, being three miUioDI 
nine hundred and thirty-seven thousand five hundred 
paces, their sui-prise will cease, because of the number 
of impediments and reverberations it must naturally be 
subject to in travelling such distance through snish 
varied space. To the right and left of the south wind 
blow respectively Euronotus and Altanus. On the sides 
of Africus, the south-west wind, Libonotus southward 
a&d Subvesperus northward. On the southern side of 
Favonius, the west wind, Argestes, and on its northern 
side EtcsiflD. On the western side of Caurus, the north- 
west wind, Circius, on its northern side Corns. On tlie 
western and eastern sides respectively of Septentrio, the 
north wind, Thrascias and Gallicus. From tlie northern 
side of Aquilo, the north-east wind, blows Su2)emas, 
from its southern side Boreas. Solanus, the east wind, 
has Carbas on its northern side, and Omithiae on its 
southern side. Eunis, the south-cast "wind, has Caecias 
and Vulturnus on its eastern and southern sides re- 
spectively. Many other names, deduced from particular 
places, rivers, or mountain storms, are given to the 
winds. There are also the morning breezes, which the 
sun rising from his subterranean regions, and acting 
violently on the humidity of the air collected during 
the night, extracts from the morning vapours. These 
remain after sunrise, and are classed, axxioiiig ik^ ^«sA» 
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nnids, and hence receive the name of cvpo? given by the 

phreeka to that wind, so also from the morning breezes 

feey called the morrow avpuov. Some deny that Eratos- 

flienes was correct in his measure of the earth, whether 

mth propriety or otherwise, is of no consequence in 

tracing the regions whence the winds blow: for it is 

dear there is a great difference between the forces with 

which the several winds act. Inasmuch as the brevity 

nith which the foregoing rules are laid down may pre- 

▼eit their being clearly understood, I have thought it 

right to add for the clearer understanding thereof two 

figures, or as the Greeks call them ox^/Aara, at the end 

of this book. The first shows the precise regions whence 

the different winds blow. The second, the method of 

disposing the streets in such a manner as to dissipate 

the violence of the winds and render them innoxious. 

Let A be the centre of a perfectly level and plane tablet 

whereon a gnomon is erected. The ante-meridional 

shadow of the gnomon being marked at B, from A, as 

a centre with the distance AB, describe a complete 

circle. Then replacing the gnomon correctly, watch its 

increasing shadow, which after the sun has passed his 

meridian, will gradually lengthen till it become exactly 

equal to the shadow made in the forenoon, then again 

touching the circle at the point C. From the points 

B and C, as centres, describe two arcs cutting each 

other in D. From the point D, through the centre 

of the circle, draw the line EF, which will give the 

north and south points. Divide the whole circle uito 

sixteen parts. From the point E, at which the southern 

end of the meridian line touches the circle, set off at 

G and H to the right and left a distance equal to one 

of the said sixteenth parts, and in the same manner 

on the north side, placing one foot of the compasses 

on the point F, mark on each side the points I and K, 

and with lines drawn through the centre of the circle 

win the pointa GK and HI, so that the Bigajcte ix^m Or 
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to H will be given to the sonth wind and its 
that from I to K to the north wind. The rei 
spaces on the right and left are each to be 
into three equal parts ; the extreme points of the 
ing lines on the east sides, to be designated by 
letters L and M ; those on the west by the letters N Oj 
from M to O and from L to N draw lines ci 
each other: and thus the whole circumference will 
divided into eight equal spaces for the winds, 
figure thus described will be furnished with a letM-j 
at each angle of the octagon. Thus, beginning at thtfi 
south, between the regions of Eurus and Auster, willbrj 
the letter G ; between those of Auster and Afiicus, H ^ 
between Africus and Favonius, N ; between that aad 
Caurus, O ; K between Caurus and Septentrio ; bft* j 
tween Septentrio and Aquilo, I; between Aqnilo and 
Solanus, L ; and between that and Eurus, M. Thus 
adjusted, let a bevel gauge be applied to the difiPereni 
angles of the octagon, to determine the directions of the 
different streets and lanes. 



CHAPTER VII. 

OF THE CHOICE OF SITUATIONS FOE PUBLIC 

BUILDINGS. 

The lanes and streets of the city being set out, the 
choice of sites for the convenience and use of the state 
remains to be decided on ; for sacred edifices, for the 
forum, and for other public buildings. If the place ad- 
join the sea, the forum should be seated close to the 
harbour : if inland, it should be in the centre of the 
town. The temples of the gods, protectors of the cily, 
Also those of Jupiter, Juno, and M.ixierv«k, E\iQ\]\dL\^ ^tl 
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e eminence which commands a view of the greater 
i of the city. The temple of Mercury should be 
er in the forum, or. as also the temple of Isis and 
apis, in the great public square. Those of Apollo 
. Father Bacchus near the theatre. If there be 
fcher amphitheatre nor gymnasium, the temple of 
rcules should be near the Circus. The temple of 
rs should be out of the city, in the neighbouring 
ntry. That of Venus near to the gate. According 
the revelations of the Hetrurian Haruspices, the 
iples of Venus, Vulcan^ and Mars should be so placed 
t those of the first be not in the way of contaminating 
I matrons and youth with the influence of lust ; that 
►se of Vulcan be away from the city, which would con-' 
[uently be freed from the danger of fire ; the divinity 
siding over that element being drawn away by the 
)s and sacrifices performing in his temple. The 
iple of Mars should be also out of the city, that no 
led frays may disturb the peace of the citizens, and 
it this divinity may, moreover, be ready to preserve 
m from their enemies and the perils of war. The 
iple of Ceres should be in a solitary spot out of the 
jT, to which the public are not necessarily led but for 
purpose of sacrificing to her. This spot is to be 
erenced with religious awe and solemnity of de- 
anour, by those whose affairs lead them to visit it. 
propriate situations must also be chosen for the 
iples and places of sacrifice to the other divinities. 
• the construction and proportions of the edifices 
mselves, I shall give rules in the third and fourth books ; 
ause it appears to me, that in the second book I 
;ht to explain the nature of the different materials 
ployed in building, their qualities and use ; and then, 
the other books, to give rules for the dimensions of 
Idings, the orders, and their proportions. 
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AECHITECTUKE 

or 

MABOtrS VITRUVIUS POLLIO. 



BOOK THE SECOND. 



INTRODUCTION. 

BiNociBAtBS the architect, relying on the powers of his 
skill and ingenuity, whilst Alexander was in the midst of 
liis conquests, set out from Macedonia to the army, de- 
sirous of gaining the commendation of his sovereign. 
That his introduction to the royal presence might he fa- 
cilitated, he ohtained letters from his countrymen and 
relations to men of the first rank and nohility ahout the 
long's person ; hy whom heing kindly received, he he- 
sought them to take the earliest opportunity of accom- 
plishing his wish. They promised fairly, hut were slow 
in performing ; waiting, as they alleged, for a proper 
occasion. Thinking, however, they deferred this without 
just grounds, he took his own course for the ohject he 
had in view. He was, I should state, a man of tall 
stature, pleasing countenance, and altogether of dignified 
appearance. Trusting to the gifts with which nature 
had thus endowed him, he put off his ordinary clothing, 
and having anointed himself with oil, crowned his head 
with a wreath of poplar, slung a lion's skin across his 
left shoulder, and carrying a large club m\i\» t\^\.\i«sA, 
lie sallied forth to the royal tribunal, at a -gerv-ofti ^\L<es 
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the king was dispensing justice. The novelty of his 
pconince excited the attention of the people ; and A 
ander soon discovering, with astonishment, the ohject 
their curiosity, ordered the crowd to make way for M 
and demanded to know who he was. " A Macedonii 
architect," replied Dinocrates, " who suggests schenu 
and designs worthy your royal renown. I propose ti 
form Mount Athos into the statue of a man holding a 
spacious city in his left hand, and in his right a hnge 
vase, into which shall be collected all the streams of the 
mountain, which shall thence be poured into the sea." 
Alexander, delighted at the proposition, made immediate 
inquiiy if the soil of the neighbourhood were of a quality 
capable of yielding sufficient produce for such a state. 
When, however, he found that all its supplies must be 
furnished by sea, he thus addressed Dinocrates : " I ad- 
mire tlie grand outline of your scheme, and am well 
pleased with it : but I am of opinion he would be much 
to blame who planted a colony on such a spot. For as 
an infant is nourished by the milk of its mother, de- 
pending thereon for its progress to maturity, so a city 
depends on the fertility of the country surrounding it 
for its riches, its strength in population, and not 
less for its defence against an enemy. Though your 
plan might be carried into execution, yet I think it 
impolitic. I nevertheless request your attendance on 
me, that I may otherwise avail myself of your ingenuity." 
From that time Dinocrates was in consttmt attendance 
on the king, and followed him into Egypt; where Alex- 
ander having perceived a spot, at the same time naturally 
•trong, the centre of the commerce of the country, a land 
bounding witli com, and having those facilities of trans- 
3rt which the Nile afforded, ordered Dinocrates to build 
city whose name should be Alexandria. Dinocrates 
taincd this honour through his comely person and 
Tiificd deportment. But to mc, ETcv\>CTOT,iv«Lt\iTe hath 
ed an ample stature ; my face \a v^TviiVV^ W(k ^^^ 
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sickness has impaired mj constitation. Deprived 
these natural accomplishments, I hope, however, 
gain some coimnendation through the aid of my 
ic acquirements, and the precepts I shall de- 
Jn the first book I have treated of architecture, 
the parts into which it is divided ; of the 
of a city, and the division of the space within 
fte walls. The directions for the construction of 
iMred buildings, their proportions and symmetry, will 
fiffiow and be explained : but I think they will be out of 
^boe, unless I previously give an account of the mate- 
rials and workmanship used in their erection, together 
with an investigation of their several properties and ap- 
plication in different cases. Even this I must preface 
with an inquiry into the origin and various species of 
the earliest buildings^ and their gradual advance to per- 
ftction. In this I shall follow the steps of Nature herself, 
and those who have written on the progress from savage 
to civilized life, and the inventions consequent on the 
latter state of society. Thus guided, I will proceed. 



CHAPTER I. 

OF THE ORIGIN OF BUILDING. 

Mankind originally brought forth like the beasts of the 
field, in woods, dens, and groves, passed their lives in 
a savage manner, eating the simple food which nature 
afforded. A tempest, on a certain occasion, having ex- 
ceedingly agitated the trees in a particular spot, the fric- 
tion between some of the branches caused them to take 
fire ; this so alarmed those in the neighbourhood of the 
occurrence, that they betook themselves to flight. Return- 
ing to tbe spot after the tempest had subsided, and find- 
ing the warmth which had thus been created e^tcemaVj 
xxm/brtable, they added fuel to the fire excited, m cstdfiit 



to preserve the heat, and then went forth to invite 
by signs and gestures, to come and witness the.disco' 
In the concourse that thus took place, they testified 
different opinions and expressions by different infl< 
of the voice. From daily association words s 
to these indefinite modes of speech ; and these 
by degrees the signs of certain objects, they began 
join them together, and conversation became 
Thus the discovery of fire gave rise to the first ass 
of mankind, to their first deliberations, and to 
union in a state of society. For association Ynfii 
other they were more fitted by nature than other 
from their erect posture, which also gave them the at 
vantage of continually viewing the stars and firmameixk» 
no less than from their being able to grasp and lift a J 
object, and turn it about with thoir hands and fingeiBi ; 
In the assembly, therefore, which thus brought thflm ' 
first together, they were led to the consideration of 
sheltering themselves from the seasons, some by maldng 
arbours with the boughs of trees, some by excavating 
caves in the mountains, and others in imitation of the 
nests and habitations of swallows, by making dwellings 
of twigs interwoven and covered with mud or clay. From 
observation of and improvement on each others' expe- 
dients for sheltering themselves, they soon began to 
provide a better species of huts. It was thus that men, 
who are by nature of an imitative and docile turn of 
mind, and proud of their own inventions, gaining daily 
experience also by what had been previously executed, 
vied with each other in their progress towards perfection 
in building. The first attempt was the mere erection ol 
a few spars united together with twigs and covered with 
mud. Others built their walls of dried lumps of tur£ 
connected these waUs together by means of timbers laid 
across horizontally, and covered the erections wiUi reeds 
and boughs, for the purpose of sheltering themselves 
from the inclemency of the e^ftsons, ^vadm^^ ko^^ver, 
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9iat flat coverings of this sort would not effectually 
ibelter them in the winter season, they made their roofs 
pf two inclined planes meeting each other in a ndge at 
me smnmit, the whole of which they covered with clay, 
nd thus carried off the rain. We are certain that huild-s 
^ngs were thus originally constructed, from the present 
pmctice of uncivilized nations, whose huildings are of 
spars and thatch, as may he seen in Gaul, in Spain, in 
Portugal, and in Aquitaine. The woods of the Colchi, 
in Pontus, furnish such abundance of timber, that they 
build in the following manner. Two trees are laid level 
on the earth, right and left, at such distance from each 
other as will suit the length of the trees which are to 
cross and connect them. On the extreme ends of these 
two trees are laid two other trees transversely : the 
space which the house will inclose is thus marked out. 
The four sides being thus set out, towers are raised, 
whose walls consist of trees laid horizontally but kept 
perpendicularly over each other, the alternate layers 
yoking the angles. The level interstices which the 
thickness of the trees alternately leave, is filled in with 
chips and mud. On a similar principle they form their 
roofs, except that gradually reducing the length of the 
trees which traverse from angle to angle, they assume 
a pyramidal form. They are covered with boughs and 
smeared over with clay ; and thus after a rude fashion of 
vaulting, their quadrilateral roofs are formed. The 
Phrygians, who inhabit a champain country destitute of 
timber, choose natural hillocks, which they pierce and 
hoUow out for their accommodation, as well as the nature 
of the soil will permit. These dwellings they cover 
with roofs constructed of logs bound together, covered 
with reeds and straw, and coated with a large quantity of 
aarth. This species of covering protects the hut from 
ihe extreme heat of the summer, as well as from the 
piercing cold of the winter. The weeds whicTi grow in 
'he vicinity of pools are used in other parts ioxfiti^ cosct- 
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ing of huts. Each nation, in short, has its own waj ^ 
building, according to the materials afforded and tiUj 
habits of the country. At Marseilles the; roofs wH 
covered with straw and earth mixed up together, insteii| 
of tiles. At Athens, even to this day, the Areopagof 
an example of remote antiquity, is covered with dqrj 
and the house of Eomulua in the capitol, by its thatchel 
roof, clearly manifests the simple manners and habits ol 
the ancients. It is from such specimens we are enabM 
to form just ideas of the early method of building. Dai^ 
practice made the original builders more skilful, and ei 
perience increased their confidence ; those who tool 
more delight in the science making it their exclusifi 
profession. Thus man, who, in addition to the sensa 
which other animals enjoy in common with him, is giftei 
by nature with such powers of thought and understand 
ing, that no subject is too difficult for his apprehension 
and the brute creation are subject to him from hi 
superiority of intellect, proceeded by degrees to a knon 
ledge of the other arts and sciences, and passed from i 
savage state of life to one of civilization. From tlw 
courage which his gradual success naturally excited, an( 
his engagement in those various speculations with whid 
the arts are connected, his ideas expanded ; and fron 
building huts he soon proceeded to the erection o 
houses constructed with brick walls or with stones 
whose roofs were of timber covered with tiles. Thu 
by experience and observation the knowledge of certai 
proportions was attained, which in the beginning wei 
fluctuating and uncertain ; and advantage being taken ( 
•the bounty of nature, in her supply of timber and oth( 
building materials, the rising art was so cultivated thi 
by the help of other arts mere necessity was lost sigl 
of ; and by attending to the comforts and luxuries 
civilized society, it was carried to the highest degree 
perfection. I shall now, to the best of my ability, pi 
ceed to treat of those materials which are used in bull 
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ing, their qualiiy, and use. Lest any one object that the 
order of my treatise on the matters in question be not 
irell arranged, and that this book should have had pre- 
• oedence of the last, I think it proper to state, tliat in 
'^ miting a Dissertation on Architecture I considered my- 
\' Mlf bound, in the first place, to set forth those branches 
' of learning and science with which it is connected, to 
eiplain its origin and different species, and to enumerate 
the qualifications which an architect should possess 
Hence, having first adverted to those principles on which 
the art depends, I shall now proceed to an explanation 
of the nature and use of the different materials em- 
ployed in the practice of it. This work not being in- 
tended for a treatise on the origin of architecture ; that 
origin, and the degrees by which it passed to its present 
state of perfection, is only incidentally mentioned. This 
[ book is consequently in its proper place. I shall now 
therefore treat, in an intelligible manner, of the mate- 
rials which are appropriate for building, how they are 
formed by nature, and of the analysis of their com- 
ponent parts. For there is no material nor body of any 
sort whatever which is not composed of various ele- 
mentary particles ; and if their primary composition be 
not duly understood, no law of physics will explain their 
nature to our satisfaction. 



CHAPTER II. 

OF THE ORIGIN OF ALL THINGS ACCORDING TO THE 
OPINIONS OF PHILOSOPHERS. 

Thales thought that water was the first principle of all 
things. Heraclitus, the Ephesian, who, on account of 
fto obscurity of his writings, was called o-kotcivo? by the 
QreekEf, maintained a similar doctrine in xe^^ccX Q& &t^< 
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Democritas, and his follower Epicurus, held similar opi* 
nions with regard to atoms ; by which term is understood 
such bodies as are incapable of being cut asunder, or, as 
some say, of further division. To water and fire the 
philosophy of the Pythagoreans added air and earth. 
Hence Democritus, though loosely expressing himself, 
seems to have meant the same thing, when he calls the 
elements indivisible bodies ; for when he considers them 
incapable of corruption or alteration, and of eternal dura- 
tion and infinite solidity, his hypothesis makes the par- 
ticles not yet so connected as to form a body. Since, 
therefore, all bodies consist of and spring from these 
elements, and in the great variety of bodies the quantity 
of each element entering into their composition is dif- 
ferent, I think it right to investigate the nature of their 
variety, and explain how it affects the quality of each in 
the materials used for building, so that those about to 
build may avoid mistakes, and be, moreover, enabled to 
make a proper choice of such materials as they may 
want. 



CHAPTER ni. 

OF BRICKS. 

I SHALL first treat of bricks, and the earth of which they 
ought to be made. Gravelly, pebbly, and sandy clay are 
unfit for that purpose ; for if made of either of these 
sorts of earth, they are not only too ponderous, but walls 
built of them, when exposed to the rain, moulder away, 
and are soon decomposed, and the straw, also, with 
which they are mixed, will not su£&ciently bind the earth 
together, bebause of its rough quality. They should be 
made of earth of a red or white chalky, or a strong sandj 
nature. These sorts of earth axe ductile and cohesiYe, 
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md not being hea^y, bricks made of them are more 
easily handled in carrying up the work. The proper 
seasons for brick-making are the spring and autumn, 
becanse they then dry more equably. Those made in 
the snmmer solstice are defective, because the heat of 
the sun soon imparts to their external surfaces an ap- 
pearance of sufficient dryness, whilst the internal parts 
of them, are in a very diflferent state ; hence, when tho- 
roughly dry, they shrink and break at those parts which 
were dry in the first instance ; and thus broken, their 
strength is gone. Those are best that have been made 
at least two years ; for in a period less than that they 
will not dry thoroughly. When plastering is laid and 
sets hard on bricks which are not perfectly dry, the 
bricks, which will naturally shrink, and consequently 
occupy a less space than the plastering, will thus leave 
the latter to stand of itself. From its being extremely 
thin, and not capable of supporting itself, it soon breaks 
to pieces ; and in its failure sometimes involves even 
that of the wall. It is not, therefore, without reason 
that the inhabitants of Utica allow no bricks to be used 
in their buildings which are not at least five years old, 
and also approved by a magistrate. There are three 
sorts of bricks ; the first is that which the Greeks call 
Didoron (ScSwpov), being the sort we use ; that is, one 
foot long, and half a foot wide. The two other sorts are 
used in Grecian buildings ; one is called Pentadoron, the 
other Tetradoron. By the word Doron the Greeks mean 
a pahn, because the word Siopcv signifies a gift which can 
be borne in the palm of the hand. That sort, therefore, 
which is fiye palms each way is called Pentadoron; 
that of fonr palms, Tetradoron. The former of these 
two sorts is used .in public buildings, the latter in private. 
Each sort has half bricks made to suit it ; so that when 
a wall is executed, the course on one of the faces of the 
wall shows sides of whole bricks, the other face of hal: 
brieks; %Dd being worked to the line on each. faAe, t!\< 
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bricks on each bed bond alternately over the 
below. Besides the pleasant varied appearance wl 
this method gives, it affords additional strengUi, by 
middle of a brick, on a rising course, fedling over 
vertical joints of the coarse thereunder. The briekfl 
Oalentum in Spain, Marseilles in France, and Pitane 
Asia, are, when wrought and dried, specifically 
than water, and hence swim thereon. This must 
from the porosity of the earth whereof they are mads; 
the air contained in the poresj to which the water eamuA 
penetrate, giving them a buoyant property. Earth of 
this sort being, therefore, of such a light and thin 
quality, and impervious to water, be a lump thereof of 
whatever size, it swims naturally like pumice-stone. 
Bricks of this sort are of great use for building pm^ 
poses ; for they are neither heavy nor liable to be iajnied 
by the rain. 



CHAPTER IV. 

OF SAND. 

In buildings of rubble work it is of the first importance 
that the sand be fit for mixing with the lime, and unal- 
loyed with earth. The different sorts are these ; black, 
white, deep red, and bright red. The best of each of 
these sorts is that which, when rubbed between the 
fingers, yields a grating sound. That, also, which is 
earthy, and does not possess the roughness above named, 
is fit for the purpose, if it merely leave a stain or any 
particles of earth on a white garment, which can easily 
be brushed away. If there be no sand-pits where it can 
be dug, river sand or sifted gravel must be used. Even 
sea sand may be had recourse to, but it dries very slowly; 
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ills wherein it is nsed must not be mncli loaded^ 
. carried up in small portions at a time. It is not, 
^er, fit for those walls that are to receive vaulting. 
astered walls, built with sea sand, the salt which 
.es destroys the plaster ; but plaster readily adheres 
ad dries on walls built with new pit sand, and vault- 
may safely spring from them. If sand have been dug 
3ng time, and exposed to the sun, the moon, and the 
n, it loses its binding quality, and becomes earthy ; 
nther when used does it bind the rubble stones together 
3 as to prevent them sliding on their beds and falling 
iut : nor is it fit to be used in walls where great weights 
ire to be supported. Though pit sand is excellent for 
mortar, it is unfit for plastering ; for being of a rich 
quality, when added to the lime and straw, its great 
strength does not suffer it to dry without cracks. The 
poorness of the river sand, when tempered with beaters, 
makes the plastering as hard as cement. 



CHAPTER V. 

OF LIME. 

Haying treated of the different sorts of sand, we proceed 
to on explanation of the nature of lime, which is burnt 
either firom white stone or flint. That which is of a 
dose and hard texture is better for building walls ; as 
that which is more porous is better for plastering. When 
slaked for making mortar, if pit sand be used, three 
parts of sand are mixM with one of lime. If river or 
sea sand be made use of, two parts of sand are given to 
one of lime, which will be found a proper proportion. 1/ 
to river or sea sand, potsherds ground and passer 
ttlfOiigh a sieve, in the proportion of one third part, b 
m^ifii, Hha mortar will be better for u&e. T\ie e.^w!&^ 
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the mnss becoming solid when sand and water are 
to tlie lime, appears to be, that stones, like other I 
are a compound of elements : those which contain 
quantities of air being soft, those which have a great 
portion of water being tough, of earth, hard, of 
brittle. For stones which, when burnt, would make 
cellent lime, if pounded and mixed with sand, with 
burning, would neither bind the work together, nor , 
hard ; but having passed through the kiln, and havii 
lost the property of their former tenacity by the actic 
of intense heat, their adhesiveness being exhausted, th 
pores are lefl open and inactive. The moisture and an 
which were in the body of the stone, having, therefore, 
been extracted and exhausted, the heat being partially 
retained, when the substance is immersed in water before 
the heat can be dissipated, it acquires strength by the 
water inishing into all its pores, effervesces, and at last 
the heat is excluded. Hence, limestone, previous to its 
burning, is much heavier than it is after having passed 
through the kiln : for, though equal in bulk, it is known, 
by tlie abstraction of tlie moisture it previously con- 
tained, to lose one-third of its weight by the process. 
The pores of limestone, being thus opened, it more 
easily takes up the sand mixed with it, and adheres 
thereto ; and hence, in drying, binds the stones together, 
by which souiid work is obtained. 



CHAPTER VI. 

OF POZZOL.VNA. 

HERE is a species of sand which, naturally, possesses 

traordinai*y qualities. It is found about Baice and the 

Titory in the neighbourhood of Mount Vesuvius ; if 

wd with lime and rubble, it liardena «a ^eU. \md«r 
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ter as in ordinary buildings. This seems to arise from 
3tliotness of the earth under these mountains, and the 
tmdance of springs under their bases, which are heated 
her with sulphur, bitumen, or alum, and indicate very 
tense fire. The inward fire and heat of the flame 
lich escapes and bums through the chinks, makes this 
rth light ; the sand-stone (tophus), therefore, which is 
thered in the neighbourhood, is dry and free from 
Disture. Since, then, three circumstances of a similar 
tore, arising from the intensity of the fire, combine in 
e mixture, as soon as moisture supervenes, they cohere 
d quickly harden through dampness ; so that neither 
B waves nor the force of the water can disunite them, 
lat these lands are affected with heat, as surmised, is 
dent, because in the mountains of Cumse and at BaisB, 
eating places are excavated, in which the hot vapour 
ing upwards from the intensity of the fire, strikes 
'ough the earth, and so escapes in these places that 
y are singularly beneficial for the purpose. It is 
reover said that in former times fires imder Vesuvius 
sted in abundance, and thence evolved flames about the 
ds. Thus that which we call sponge-stone, or Pom- 
an pumice-stone, burnt from another species of stone, 
>ears to be acted on by fire so as to possess a quality 
this sort. The species of sponge- stone, however, 
nee obtained, is not found except in the neighbour- 
ed of uEtna and the hills of Mysia, which the Greeks 
KaTaK€KavfjL€yoif and places of such description. If, 
refore, in these places hot springs and heated vapours 
found in the cavities of the mountains, and the spots 
recorded by the aninents to have been subject to fires 
ling out of the lands, it seems certain that the mois- 
3 is extracted from the sand-stone and earth in their 
^hbourhood, by the strength of the fire, as from lime- 
le in a kiln. Dissimilar and unequal actions being 
3 concentrated towards the same end, the great want 
uojsture quickly suj^j^lied. by water "bvnda mi3l^\xwv^ 
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cements them, and also imparts a rapid solidity, by 
of the heat common to both the bodies. It is nee( 
to enquire why, as there are many hot springs in 
cany, we do not there find a powder, which, for the 
reason, would harden under water : should I be 
questioned, I would thus explain the circumstance, 
lands do not possess similar qualities ; nor is stone 
yersally found. Some lands are earthy, others grai 
others gritty, others sandy : in short, the quality of lan^j 
in different parts of the earth, yaries as much as evati; 
the climate itself. For instance ; on the side of fh^ ; 
Apennines towards Tuscany, Q9nd-pits are found ill 
abundance ; whereas, on the other side of the Apenr 
nines, facing the Adriatic, none are discoverable : so alflO 
in Achaia, Asia, and universally on the other side of th0 
sea, such things are not known. It does not therefore 
follow, that in all places abounding with hot springs all 
other circumstances should be similar. . Nature has not 
made all things to suit the convenience of man, but ^- 
ferently and fortuitously. Hence, in places where the 
mountains are not earthy, but of stone, the force of the 
fire escaping through the chinks bums that which is soft 
and tender, whilst that which is hard is left. Thus the 
earth of Campania, when burnt, becomes a powder ; that 
of Tuscany a coal. Both of these are of great use in 
building, one species being very serviceable in land 
works, the other in works under water. In Tuscany, 
however, the quality of the material is softer than sand- 
stone, but harder than earth ; and from its entire sub- 
jection to the action of the sub-existing fire, it becomes 
that sort of sand which is called carbunculus. 
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CHAPTER Vn. 

or STONE QUARRIES. 

^E descril)6d the different species of lime and sand, 
heir qualities. Stone quarries, from which square 
ubble stones are procured and prepared for the pur- 
1 of building, will now be considered. The qualities 
ese differ very much. Some stone is soft ; the red, 
[Stance, found in the neighbourhood of Rome, in the 
lies of the Pallienses, Fidenates, and AlbansB. Some 
rately so, as the Tiburtine, Amitemine, Soractine, 
hose of that sort. Others are hard, even as flints, 
e are many other species, as the red and black sand- 
(tophus) of Campania, and the white sort of Um- 
Picenum, and Venice, which is cut with a saw like 
. The soft species have this advantage, that when 
tly taken fix)m the quarry they are easily worked, 
mswer well under cover ; but when used in open 
xposed situations, and subjected to the action of the 
and rwn, they soon become friable, and moulder 
They are also much affected by the salt near the 
lore, and are not capable of preserving their strength 
exposed to great heat. The Tiburtine stones, and 

of a similar nature, resist great weights as well 
e action of the weather, but are easily injured by 
The instant they are exposed to that they are ruined, 
their possessing so small a quantity of moisture ; 

earthy particles, also, are few, and the quantity of 
id fire in them considerable. Hence, from the small 
m of earth and water which they contain, the fire 
' acts upon them, and, occupying the interstices, 
3 out the air with accumulated violence, and com- 
cates its own hot quality to them. There are many 
ieson the borders of the Tarquiniensea, G«iSifc^^<& 
J2 quarries, in colour much resembWug 13cl^ i^«£i 



44 

stone« They are worked in most abundance in the neigh* 
boTirhood of the Yolscinian Lake, and in the prefecture 
of Statonia. This stone has numberless good qualities ; 
neither frost nor fire affects it. It is hard and durable, 
from its containing but little air and fire, but a moderate 
quantity of moisture, and much earth. Olose in teztiire» 
it is not injured by the weather nor by heat. The monii- 
ments about Ferentinum, which are built of this Btone» 
prove its durability ; among these maybe observed large 
statues weU executed, bas-reliefs on a smaller scale, and 
acanthus leaves and flowers elegantly carved, which, 
though long since wrought, appear as fresh as thou|^ 
they were but recently finished. From the stones of llie 
above quarries the metal founders make their casting 
moulds, for which they are well calculated. If this stone 
were to be had near Home, it would be used in all works 
about the city, to which it is indeed worthy to be applied. 
But as necessity, on account of proximity to the quarries, 
obliges us to use the red sort of stone, that of the Pal- 
lienses and other species in the immediate vicinity of the 
city, in order to find that which is least defective, let it 
be selected as follows. Two years before the commence- 
ment of the building, the stones should be extracted from, 
the quarries in the summer season : by no means in the 
winter ; and they should then be exposed to the yidBsi- 
tudes and action of the weather. Those which, after two 
years' exposure, are injured by the weather, maybensed 
in the foundations ; but those which continue sound after 
this ordeal, will endure in the parts above ground. These 
rules apply equally to squared as to rubble orunsquared 
stone work. 
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CHAPTER Vni. 

OF THE DIFFERENT KINDS OF WALLS. 

B different species of walls are, the beticulatxtk 
^like), a method now in general use, and the inceb- 
[ (uncertain), which is the antient mode. The reticu- 
on is the most beautifiil, but is very liable to split, 
n the beds of the stones being unstable, and its defi- 
icy in respect of bond. The incertum, on the contrary, 
rse over course, and the whole bonded together, does 
present so beautiful an appearance, though stronger 
n the reticulatum. Both species should be built 
the smallest sized stones, that the walls, by suck- 
up, and attaching themselves to, the mortar, may 
b the longer. For as the stones are of a soft and 
•ons nature, they absorb, in drying, the moisture 
the mortar, and this, if used plentifully, will con- 
[uently exercise a greater cementing power ; because 
m their containing a larger portion of moisture, the 
II will not, of course, dry so soon as otherwise ; and as 
»n as the moisture is absorbed by the pores of the 
ne from the mortar, the lime, losing its power, leaves 
( sand, so that the stones no longer adhere to it, and 
a short time the work becomes unsound. We may see 
s in several monuments about the city, which have 
m built of marble or of stones squared externally ; that 
on the face, but filled up with rubble run with mortar, 
me, in these, has taken up the moisture of the mortar, 
1 destroyed its eflGicacy, by the porosity of the surface 
which it acted. All cohesion is thus ruined, and the 
Us fall to decay. He who is desirous that this may 
t happen to his work, should build his two face walls 
feet thick either of red stone or brick or common 
It, binding them together with iron cramps run with 
id, and duly preserving the middle space or cavity. 
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The materials, in this case, not being thrown in at 
dom, but the work well brought up on the beds, 
upright joints properly arranged, and the iauce 
moreover, regularly tied together, they are not liableb. 
bulge, nor be otherwise disfigured. In these respects ( 
cannot refrain from admiring the walls of the 
They make no use of soft stone in their buildings: 
however, they do not employ squared stone, they 
either flint or hard stone ; and, as though building 
brick, they cross or break the upright joints, and 
produce the most durable work. There are two sorts 
this species of work; one called isodomum, the o1 
psEUDisoDOMUM. The first is so called, because in it 
the courses are of an equal height ; the latter receii 
its name from the unequal heights of the courses. Bol 
these methods make sound work : first, because 
stones arc hard and solid, and therefore unable to absoi 
the moisture of the mortar, which is thus preserved to tkari 
longest period; secondly, because the beds being smootb^ 
and level, the mortar does not escape ; and the wall 
moreover, bonded throughout its whole thickness, be- 
comes eternal. There is still another method, which is 
called ^fiirXeKTov (emplectum), in use even among our 
country workmen. In this species the faces are wrought 
The other stones are, without working, deposited 'in the 
cavity between the two faces, and bedded in mortar as 
the wall is carried up. But the workmen, for the sake 
of despatch, cany up these casing walls, and then tumble 
in the nibble between them ; so that there are thus three 
distinct thicknesses ; namejy, the two sides or facings, 
and the filling in. The Greeks, however, pursue a dif- 
ferent course, laying the stones flat, and breaking the 
vertical joints ; neither do they fill in tlie middle at ran- 
dom, but, by means of bond stones, make the wall solid, 
and of one thickness or piece. They moreover cross the 
wall, from one face to the other, with bond stones of a 
single piece, which they call Starovoi, (diatoni) tending 
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ily to strengtiben the work. He, therefore, who is de- 
ls of producing a lasting stacture, is enabled, by what 
re laid down, to choose the sort of wall that will suit 
purpose. Those walls which are built of soft and 
th-looking stone, will not last long. Hence, when va- 
ms are made of external walls, we must not put them 
eir original cost ; but having found, from the regis- 
he number of lettings they have gone through, we 
deduct for every yfear of their age an eightieth part 
ch cost, and set down the remainder or balance as 
value, inasmuch as they are not calculated to last 
than eighty years. This is not the practice in the 
3f brick walls, which, whilst they stand upright, are 
s valued at their first cost. Thus, in some states, 
)nly public and private buildings, but even royal 
:ures, are built of brick. We may instance that 
of the wall at Athens towards Mounts Hymettus 
i^entelicus, the temples of Jupiter and Hercules, in 
. the cells are of brick, whilst the columns and their 
iatures are of stone, in Italy the ancient and exqui- 
wrought wall of Arezzo, and at Tralles a palace for 
ttalic kings, which is the official residence of the 
. Some pictures painted on brick walls at Sparta, 
being cut out, were packed up in wooden cases 
ansported to the Comitium to grace the iEdileship 
rro and Murena. In the house of Croesus, which 
trdians call Gerusia, established for the repose and 
rt of the citizens in their old age, as also in the 
of Mausolus, a very powerful king of Halicamas- 
lough all the ornaments are of Proconnesian mar- 
ie walls are of brick, are remarkably sound at the 
it day, and the plastering with which they are 
d is so polished that they sparkle like glass. The 
who caused them to be thus built was not, how- 
restrained by economy ; for, as king of Caria, he 
have been exceedingly rich. Neither could it be 
that it was from, want of skill and taste m ^docL- 



tccture, that he did so. Bom at Mylasa, and 
ing that Halicamassus was a situation fortified by 
and a place well adapted for commerce, with a 
dious harbour, he fixed his residence there. The 
the city bears a resemblance to a theatre, as to 
form. In the lowest part of it, near the harbour, a 
was built : up the hill, about the middle of the curvBy^ 
a large square in the centre of which stood the 
leum, a work of such grandeur that it was 
one of the seven wonders of the world. In the 
on the summit of the hill, was the temple of Mars, 
its colossal statue, which is called dicpdXitfos, scolj 
by tlie eminent hand of Leocharis. Some, however, 
tribute this statue to Leocharis; others to Timol 
On the right, at the extreme point of the curve, waB 
temple of Venus and Mercury, close to the fountain 
Salmacis. It is a vulgar error, that those who happen 
drink thereat are affected with love-sickness. As, 
ever, this error is general, it will not be amiss to coi 
the impression. It is not only impossible that the wattt^ 
should have the effect of rendering men effeminate and.? 
uncliiistc ; but, on tlie contrary, that alluded to is dear 
as crystal, and of the finest flavour. The origin of the 
story, by which it gained the reputation of the above 
quality, is as follows. When Melas and Arevanias 
brought to the place a colony from Ai'gos and Trqezene, 
tlioy drove out the bai'barous Cai-ians and Leleg». 
These, betaking themselves to the mountains in bodies, 
committed great depredations, and laid waste the neigh- 
bourhood. Some time afterwards, one of the colonists, 
for the sake of the profit likely to arise from it, established 
close to the fountain, on account of the excellence of its 
water, a store where he kept all sorts of merchandize ; 
and thus it became a place of great resort of the barba- 
rians who were drawn thither. Coming, at first, in small, 
and at last in large numbei*s, tlie barbarians by degrees 
shook oS their savage and unciviUzed habits, and changed 
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I, without coercion, for those of the Greeks. The 
le, therefore, of this fountain, was acquired, not by the 
lacy which it is reputed to impart, but by its being 
means through which the minds of the barbarians 
civilized. I must now, however, proceed to finish 
description of the city. On the right summit wo have 
ibed the temple of Venus and the above named 
(Jbimtain to have been placed : on the left stood the royal 
^Idace, which was planned by Mausolus himself. This 
eommanded, on the right, a view of the forum and har- 
hmr, and of the whole circuit of the walls : on the left, it 
overlooked a secret harbour, hidden by the mountains, 
into which no one could pry, so as to be aware of what 
ms transacting therein. In short, from his palace, the 
Bog, without any person being aware of it, could give 
I die necessary orders to his soldici's and sailors. After 
&e death of Mausolus, the Ehodians, indignant at his 
wife, who succeeded to the government, governing the 
whole of Caria, fitted out a fleet, for the purpose of 
seizing the kingdom. When the news reached Arte- 
misia, she directed her fleet to lie still in the secret 
harbour ; and having concealed the sailors and mustered 
the marines, ordered the rest of the citizens to the walls. 
When the well appointed squadron of the Ehodians 
should enter the large harbour, she gave orders that 
those stationed on the walls should greet them, and 
promise to deliver up the town. The Ehodians, leaving 
their ships, penetrated into the town ; at which period 
Artemisia, by the sudden opening of a canal, brought 
her fleet round, through the open sea, into the large 
harbour; whence the Ehodian fleet, abandoned by its 
sailors and marines, was easily carried out to sea. The 
Hhodians, having now no place of shelter, were sur- 
rounded in the forum and slain. Artemisia then embark- 
ing her own sailors and marines on board of the Eho- 
dian fleet, set sail for Ehodes. The inhabitants of that 
citF Beemg their vessels return decorated m\k \ax\i^^ 



mark ot mtamy on tlie city. As it was contrf 
precepts of the religion of the Rhodians to 
trophy, they encircled the latter with a buil< 
covered it after the custom of the Greeks, giv 
name a^arov. If therefore, kings of such gn 
did not despise brick buildings, those who, fi 
great revenue and spoils in war, can afford th< 
not only of squared and rough stone, but even 
buildings, must not despise brick structures \ 
executed. I shall now explain why this specie 
is not permitted in the city of Rome, and also 
walls ought not to be permitted. The public h 
a greater thickness than one foot and a half to 
to walls that abut on a public way, and the ot 
to prevent loss of room, are not built thicker. 1 
walls, imless of the thickness of two or three 
all events of at least one foot and a half, are 
carry more than one floor, so that from the gi 
lation of the city innumerable houses would be 
Since, therefore, the area it occupies would nc 
case contain the number to be accommodated, 
absolutely necessary to gain in height that wl 
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cily when required, to the end that they may be 
ible. On the top of a wall immediately imder the 
f, there should be a course of burnt bricks, about one 
t and a half in height, and projecting over the walls 
& the corona of a cornice ; thus the injury to be 
urded against in such a wall, will be prevented ; for 
my tiles should be accidentally broken or dislodged by 
I wind, so as to afford a passage for the rain, the burnt 
ck, a protection to it, will secure the wall itself from 
nage, and the projection will cause the dropping of 
> water to fall beyond the face of the wall and thus 
serve it. To judge of such burnt bricks as arc fit 
the purpose is not at first an easy matter ; the only 
1 of ascertaining their goodness is to try them through 
lommer and winter, and, if they bear out through 
se undamaged, they may be used. Those which are 
made of good clay are soon injured by the frost and 
I ; hence if unfit to be used in roofs they will be more 
it in walls. Walls built of old tiles are consequently 
f lasting. As to wattled walls, would they had never 
n invented, for though convenient and expeditiously 
le, they are conducive to great calamity from their 
ng almost like torches in case of fire. It is much 
l;er, therefore, in the first instance, to be at the ex- 
se of bm-nt bricks, than from parsimony to be in 
petual risk. Walls moreover, of this sort, that are 
3red with plaster are always full of cracks, arising 
a the crossing of the laths ; for when the plastering 
lid on wet, it swells the wood, which contracts as the 
k dries, breaking the plastering. But if expedition, 
«rant of funds, drives us to the use of this sort of 
k, or as an expedient to bring work to a square form, 
it be executed as follows. The surface of the foun- 
on whereon it is to stand must be somewhat raised 
1 the ground or pavement. Should it ever be placed 
w them it will rot, settle, and bend forward, whereby 
face o£ the plastering will be injured. Hdlw^^^^^ 
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treated on walls, and generally on the mode of prepn 
and selecting the materials for them. I shall now ] 
ceed to the use of timber in framing, and to a desfl 
tion of its several sorts, as also of the mode of fitt 
timbers together, so that they may be as durable as ti 
nature wiU permit. 



CHAPTER IX. 

OF TIMBER. 

Timber should be felled from the beginning of 
Autumn up to that time when the west wind begin 
blow; never in the Spring, because at that period 
trees are as it were pregnant, and communicate their 
tural strength to the yearly leaves and fruits they si 
forth. Being empty and swelled out, they become 
their great porosity, useless and feeble, just as we 
females after conception in indifferent health till 
period of their bringing forth. Hence slaves abou 
be sold are not warranted sound if they be pregnant; 
the foetus which goes on increasing in size within 
body, derives nourishment from all the food which 
parent consumes, and as the time of delivery approac 
the more ailing is the party by whom it is borne 
soon as the foetus is brought forth, that which was b< 
allotted for the nourishment of another being, once i 
free by the separation of the foetus, returns to rein^ 
rate the body by the juices flowing to the large 
empty vessels, and to enable it to regain its forme 
tural strength and solidity. So, in the Autumn, the f 
being ripened and the leaves diy, the roots dravi 
moisture from the earth, and the trees are by those m 
recovered and restored to their pristine solidity, t 
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> thne aboYe-mentioned the force of the wintry air com- 
iBses and consolidates the timber, and if it be then 
led the period will be seasonable. In felling, the pro- 
T way is to cut through at once to the middle of the 
Bnk of the tree, and then leave it for some time, that 
le juices may drain off; thus the useless liquor con- 
iined in the tree, running away through its external 
bugs, all tendency to decay is removed, and it is pre- 
lerved sound. After the tree has dried and the draining 
Has ceased, it may be cut down and considered quite fit 
for use. That this should be the method pursued, will 
i^ar from the nature of shrubs. These, at the proper 
season, when pierced at the bottom, discharge from the 
kart through the holes made in them all the redundant 
ittd pernicious juices, and thus drying acquire strength 
ittd durability. On the contrary, when those juices do 
not escape, they congeal and render the tree defective and 
good for nothing. If, therefore, this process of di^aining 
them whilst in their growing state does not destroy their 
vigour, so much the more if the same rules are observed 
when they are about to be felled, ^ill they last for a longer 
period when converted into timber for buildings. The 
qualities of trees vary exceedingly, and are very dissimilar, 
as those of the oak, the elm, the poplar, the cypress, the 
fir, and others chiefly used in buildings. The oak, for 
instance, is useful where the fir would be improper ; and 
80 with respect to the cypress and the elm. Nor do the 
others differ less widely, each, from the different nature 
of its elements, being differently suited to similsir appli- 
cations in building. First, the fir, containing a consider- 
able quantity of air and fire, and very little water and 
Barth, being constituted of such light elements, is not 
heavy : hence bound together by ifS natural hardness it 
loes not easi^ bend, but keeps its shape in framing. 
Fhe objection to fir is, that it contains so much heat as 
X) generate a id nourish the worm which is very destruc- 
ive to it I. is moreoYer very inflamma\Ae,\iec«OiS>^\\a 



open pores are so quickly penetrated by fire, that it yi< 
a great flame. The lower part of the fir which is 
to the earth, receiving by its proximity to the roots,' i 
largo portion of moisture, is previous to felling si 
and free from knots ; the upper part, throwing out by 
strength of the fire it contains, a great many bi 
through the knots, when cut oflF at the height of 
feet and rough squared, is, from its hardness, called FoU^j 
tema. The lower part, when cut down, is sawed bM] 
four quarters, and after the outer rings of the tree 
rejected, is well adapted to joinery works, and is callei '] 
Sapinea. The oak, however, containing among its other 
elements a great portion of earth, and but a small quafr 
tity of water, air, and fire, when used under ground is of 
great durability, for its pores being close and compact i 
the wet does not penetrate it ; in short its antipathy to 1 
water is so great that it twists and splits very much tbs 
work in which it is used. The holm oak (esculus), whose cj 
elements are in very equal proportions, is of great use i& " 
buildings ; it will not however stand the damp whibh ; 
quickly penetrates its pores, and its air and fire being 
driven off, it soon rots. The green oak (cerrus), the cork 
tree, and the beech soon rot, because they contain equal 
quantities of water, fire, and earth, which are by no means 
capable of balancing the great quantity of air they con- 
tain. The white and black poplar, the willow, the lime 
tree (tilia), the withy (vitex), are of great service in par- 
ticular works on account of their hardness. They con- 
tain but a small portion of earth, a moderate proportion 
of water, but abound with fire and air. Though not 
hai'd on account of tlie earth in them, they are very 
white, and excellently adapted for carving. The alder, 
which grows on the banks of rivers, and is to appearance 
an almost useless wood, possesses nevertheless most ex- 
cellent qualities, inasmuch as it contains much air and 
fire, not a gi'eat deal of eai*th, and less wrter. Its free- 
I2C88 from water makes it almosl e\xiTii«\ m ts^ss^^ ^craxi* 
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ditions nsed for piling under buildings, because, in these 
iBtOAtiozus, it receives that moisture which it does not 
[poBsess naturally. It bears immense weight and does not 
iBcay. Thus we see that timber which above ground 
won decays, lasts an amazing time in a damp soil. This 
kmost evident at Bavenna, a city, the foundations of 
vbose buildings, both public and private, are all built 
^on piles. The elm tree and the ash contain much 
inter and but little air and fire, with a moderate portion 
of earth. They are therefore pliant, and being so full of 
ivBter, and from want of stifiEhess, soon bend under a 
nperincumbent weight. When, however, fi'om x)i*oper 
kMping after being felled, or from being weU diied while 
Btanding to discharge their natural moistui*e, they be- 
eome much harder, and in framings are, fi'om their 
pliability, capable of forming sound work. The maple 
tree, which contains but little fire and eoith, and a con- 
siderable portion of air and water, is not easily broken, 
and is, moreover, easily wrought. The Greeks, there- 
fiare, who made yokes for oxen (called by them fvya) of 
this timber, call the tree ^vycta. The cypress and pine 
ore also singular in their nature ; for though they con- 
tain equal portions of the other elements, yet, from their 
large proportion of water, they are apt to bend in use ; 
they Last, however, a long time, free from decay ; the 
reason whereof is, that they contain a bitter juice, whose 
acrid properties prevent the rot, and are not less etfica- 
dous in destroying the worm. Buildings, in which these 
sorts of timber ore used, last an exceedingly long 
time. The cedar and juniper trees possess the same 
qnahties as the two last named ; but as the cypress and 
piz^ yield a resin, so the cedar tree yields an oil called 
cedrium, with which, whatsoever is rubbed, as books, for 
instance, will be preserved from the worm as well as the 
rot The leaves of this tree resemble those of the cypress, 
and its fibres are very straight. The statue of the god- 
dess;, aa also the ceiled roof in the temple oi T>\»s:i& ^ 
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Ephesus, are made of it ; and it is nsed in many otlitfjj 
celebrated temples, on account of its great durabililJM 
These trees grow chiefly in the island of Crete, H^ 
Africa, and in some parts of Syria. The larch, which tt 
only known in the districts on the banks of the BJli 
and the shores of the Adriatic, on account of the OE^, 
treme bitterness of its juices, is not subject to rot and 
attack of the worm, neither will it take fire or bum of 
itself, but can only be consumed with other wood, as stona 
is burnt for lime in a furnace ; nor even then does it 
emit flame nor yield charcoal, but, after a long time, grfr 
dually consumes away, from the circumstance of its con* 
taining very little fire and air. It is, on the contraiji 
full of water and earth ; and being free from pores, by 
which the fire could penetrate, it repels its power, so that 
it is not quickly hurt thereby. Its weight is so great, 
that it will not float in water, when transported to any 
place, and is either conveyed in vessels, or floated on fir 
rafts. This property of the wood was discovered under 
the following circumstances. Julius Csesar, being with 
his army near the Alps, ordered the towns to supply him 
with provisions. Among them was a fortress called La- 
rignum, whose inhabitants, trusting to their fortifications, 
refused to obey the mandate. Caesar ordered his forces 
to the spot immediately. In front of the gate of this 
fortress stood a tower built of this species of timber, of 
considerable height, and constructed after the manner of 
a funeral pile, with beams alternately crossing each other 
at their extremities, so that the besieged might, from its 
top, annoy the besiegers with darts and stones. It ap- 
pearing that the persons on the tower had no other arms 
than darts, which, from their weight, could not be hurled 
any great distance from the walls, orders were given to 
convey bundles of fire-wood and torches to the tower, 
which were quickly executed by the soldiers. As soon 
as the flames, reaching almost to the heavens, began to 
encompass the tower, every one expected \» see \ta demo- 
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311. Bnt as soon as the fire was extinct, the tower 
»eared still nnhnrt; and Caesar, wondering at the 
ise of it, ordered it to he hlockaded out of arrow's 
ht, and thus carried the town, which was delivered 
to him hy its tremhling inhabitants. They were 
n asked where they obtained this sort of wood, which 
did not bum. They shewed him the trees, which are 
great abundance in those parts. Thus, as the fortress 
3 called Larignum, so the wood, whereof the tower 
3 built, is called larigna (larch). It is brought down 
I Po to Ravenna, for the use of the municipalities of 
Qo, Pesaro, Ancona, and the other cities in that dis- 
Jt K there were a possibility of transporting it to 
me, it would be very useful in the buildings there ; if 
'. generally, at least it would be excellent for the plates 
ier the eaves of those houses in Eome which are in- 
ated, as they would be thus secured from catching 
J, since they would neither ignite nor consume, nor 
m into charcoal. The leaves of these trees are similar 
those of the pine-tree ; the fibres of them straight, 

I not harder to work in joinery than the pine-tree. 
e wood contains a liquid resin, of the colour of Attic 
ley, which is a good remedy in cases of phthisis. I 
re now treated of the different sorts of timber, and 
their natural properties, as well as of the proportion 
the elements in each. It only remains to enquire, 
Y that species of fir, which is known in Rome by the 
ne of Supemas, is not so good as that which is called 
emas, whose durability in buildings is so great. I 

II therefore explain how their good and bad qualities 
je fi'om the situations in which they grow, that they 
y be clearly understood. 
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CHAPTER X. 

OF THE FIBS CALLED SUPERNAS AND INFERNAS, AX^ 

OF THE APENNINES. , 

The Apennines begin from the Tyrrhene Sea, extendiq| 
to the Alps on one side, and the borders of Tuscany oi 
the other ; and their summits spreading in the shape d 
a bow, ahnost touch the shores of the Adriatic in thfl 
centre of their range, which ends near the Straits oi 
Sicily. The hither side of them towards Tuscany and 
Campania, is in point of climate extremely mild, being 
continually warmed by the sun's I'ays. The further sidOi 
which lies towards the upper sea, is exposed to the northi 
and is enclosed by thick and gloomy shadow. The treeflj 
therefore, which grow in that part being nourished bj 
continual moisture, not only grow to a great size, bul 
their fibres being too much saturated with it, swell bul 
considerably. When hewn, therefore, and squared, and 
deprived of their natural vegetation, they change ifl 
drying the hardness of the grain, and become weak and 
apt to decay, on account of the openness of their pores. 
They are, therefore, of little durability in buildings. On 
the contrary, those which grow on the side opposite to 
the sun, not being so porous, harden in drying, because 
the sun draws the moisture from trees no less than from 
the earth. Hence, those which grow in open sunnj 
places, are more solid, on account of the closeness oi 
their pores, and when squared for use, are exceedinglj 
lasting. The fir, which goes by the name of Infemas, 
brought from the warm open parts, is therefore prefer 
able to the sort called Supemas, which comes from & 
closely and thickly wooded country. To the best of mj 
ability I have treated on the materials necessary foi 
building, and their natural temperaments in respect ol 
the different proportions of tlio e\emeiv.\a ^\xifik thej 
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eontain, as well as on their good and bad qualities, in 
order that £hose who bnild may be well informed thereon. 
Those who follow mj directions, and choose a proper 
aaterial for the purpose whereto it is applied, will do 
rig^t Having thus considered the preparations to be 
Bide, we shall proceed, in the following books, to the 
dderation of buildings themselves, and first, to that 
[of the temples of the immortal gods, and their sym- 
iBetry and proportions as the importance of the subject 
nqriires, which will form the subject of the following 
look. 
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BOOK THE THIRD. 



INTRODUCTION. 

The Delphic Apollo, by the answer of his priestess, 
declared Socra^s the wisest of men. Of him it is said 
lie sagaciously observed that it had been weU if men's 
breasts were open, and, as it were, with windows in 
them, so that every one might be acquainted with their 
sentiments. Would to God they had been so formed. 
We might then not only find out the virtues and vices of 
persons with facility, but, being also enabled to obtain 
ocular knowledge of the science they profess, we might 
judge of their skill with certainty ; whereby those who 
are really talented and learned would be held in proper 
esteem. But as nature has not formed us after this 
fashion, the talents of many men lie concealed within 
them, and this renders it so diflBcult to lay down an ac- 
curate theory of any art. However an artist may promise 
to exert his talents, if he have not either plenty of money, 
or a good connexion from his situation in life ; or if he 
be not gifted with a good address or considerable elo- 
quence, his study and application will go but little way 
to persuade persons that he is a competent artist. We 
find a corroboration of this by reference to the ancient 
Sculptors and Painters, among li^hom, liko^^ ^\i<^ w:^- 
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quired the greatest fame and applause are still living ia , 
the remembrance of posterity ; such, for instance, i 
Myron, Polycletus, Phidias, Lysippus, and others lAo 
obtained celebrity in their art. This arose from their 
being employed by great cities, by kings, or by wealtl^ 
citizens. Now others, who, not less studious of their ai^ 
nor less endued with great genius and skill, did not eiijoj 
equal fame, because employed by persons of lower rank 
and of slenderer means, and not from their unskilfuhieBBi- 
seem to have been deserted by fortune; such were 
Hellas the Athenian, Chion of Corinth, Myagrus the 
Phocsean, Pharax the Ephesian, Bedas of Byzantium, 
and many more ; among the Painters, Aristomenes of 
Thasos, Polycles of Adramyttium, Nicomachus and 
others, who were wanting neither in industry, study 
of their art, nor talent. But their poverty, the way- 
wardness of fortune, or their ill success in competition 
with others, prevented their advancement. Nor can ire 
wonder that from the ignorance of the public in respect 
of art many skilful artists remain in obscurity ; but it is 
scandalous that friendship and connexion should lead 
men, for their sake, to give partial and untrue opinions. 
If, as Socrates would have had it, every one's feelings, 
opinions, and information in science could be open to 
view, neither favor nor ambition would prevail, but those, 
who by study and great leai'ning acquire the greatest 
knowledge, would be eagerly sought after. Matters are 
not however in this state as they ought to be, the ig- 
norant rather than the learned being successful, and 
as it is never worth while to dispute with an ignorant 
man, I propose to shew in these precepts the excel- 
lence of the science I profess. In the first book, 
Emperor, I laid before you an explanation of the art, its 
requisites, and the leai*ning an architect should possesSy 
and I added the reasons why he should possess them. 
I also divided it into different branches and defined 
them: then, because chiefest and most necessary, I 



Iiave explained the proper method of setting out the 
walls of a city, and obtaining a healthy site for it, 
ind have exhibited in diagrams, the winds, and quar- 
ters whence they blow. I have shewn the best methods 
of laying out the streets and lanes, and thus com- 
pleted the first book. In the second book I have ana- 
lysed the nature and qualities of the materials used in 
Imilding, and adverted to the purposes to which they 
uebest adapted. In this third book I shaU speak of 
tiie sacred temples of the immortal gods, and explain 
them particularly. 



CHAPTER I. 
OF THE DESIGN AND SYMMETRY OF TEMPLES. 

The design of Temples depends on symmetry, the rules 

of whicl^Architects should be most careful to observe. 

Symmet^ is dependent on proportion, which the Greeks 

call dmXoyia. Proportion is a due adjustment of the 

size of the different parts to each other and to the 

niiole; on this proper adjustment symmetry depends. 

Hence no building can be said to be well designed which 

wants symmetry and proportion. In truth they are as 

necessary to the beauty of a building as to that of a well 

formed human figure, which nature has so fashioned, 

that in the face, from the chin to the top of the forehead, 

or to the roots of the hair, is a tenth part of the height 

of the whole body. From the chin to the crown of the 

head is an eighth part of the whole height, and from the 

nape of the neck to the crown of the head the same. 

ftom the upper part of the breast to the roots of the 

hair a sixth; to the crown of the head a fourth. A 

diird piurt of the height of the face is equ-ol \j^ ^*^\.^^\£l 



the chin to the under side of the nostrils, and thence 
the middle of the eyebrows the same ; from the last 
the roots of the hair, where the forehead ends, the 
maining third part. The length of the foot is a si] 
part of tlie height of the body. The fore-arm a fbi 
part. The width of the breast a fourth part. 8h 
larly have the other members their due proportions, 
attention to which the ancient Painters and Sculpt 
obtained so much reputation. Just so the parts of Ten] 
pies should correspond with each other, and with thi 
whole. The navel is naturally placed in the centre of i 
the human body, and, if in a man lying with his &os 
upward, and his hands and feet extended, from hit 
navel as the centre, a circle be described, it will touch 
his fingers and toes. It is not alone by a circle, that the 
human body is thus circumscribed, as may be seen bf 
placing it within a square. For measuring from the 
feet to the crown of the head, and then across the azmfl 
fully extended, we find the latter measure equal to the 
former ; so that lines at right angles to each other, en- 
closing the figure, will form a square. If Nature, there- 
fore, has made the human body so that tii# different 
members of it are measures of the whole, so the ancients 
have, with great propriety, determined that in all perfect 
works, each part should be some aliquot part of the 
whole ; and since they direct, that this be observed in 
all works, it must be most strictly attended to in temples 
of the gods, wherein the faults as well as the beauties 
remain to the end of time. It is worthy of remark, that 
the measures necessarily used in all buildings and other 
works, are derived from the members of the human 
body, as the digit, the palm, the foot, the cubit, and that 
these form a perfect number, called by the Greek reXeco$. 
The ancients considered ten a perfect number, becaosd 
the fingers are ten in number, and the palm is derived 
from them, and from the palm is derived the foot Plato, 
therefore, called ten a perfect number. For natuiQ 
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liaving formed the hands with ten fingers, a number 
composed of units called ^lovaSes in Greek, that number 
•dvancing beyond ten, as to eleven, twelve, &c. is not 
perfect until another ten are completed, units being the 
parts whereof such numbers are composed. The mathe- 
maticians, on the other hand, contend for the perfection 
of the number six, because, according to their reasoning, 
its divisors equal its number : for a sixth part is one, a 
third two, a half th^ee, two-thirds four, which they call 
itfioipos ; the fifth in order, which they call Trcrrafiocpos, 
five, and then the perfect number six. When it advances 
1>6yond that, a sixth being added, which is called i<f>€KT09, 
^fe have the number seven. Eight are formed by adding 
a third, called triens, and by the Greeks, cTrtrptTos. Nine 
are formed by the addition of a half, and thence called 
sesquialteral ; by the Greeks, ^fjuoXjjo^ ; if we add the 
two aliquot parts of it, which form ten, it is called bes 
alterus, or in Greek hnBifwipo^. The number eleven, 
being compounded of the original number, and the fifth 
in order is called iTnireirrdfjLoipo^. The number twelve, 
being the sum of the two simple numbers, is called 
ttarAao-tajv. Moreover, as the foot is the sixth part of a man's 
height, they contend, that this number, namely six, the 
number of feet in height, is perfect : the cubit, also, being 
six palms, consequently consists of twenty-four digits. 
Hence the states of Greece appear to have divided the 
drachma, like the cubit, that is into six parts, which were 
small equal sized pieces of brass, similar to the asses, which 
they called oboli ; and, in imitation of the twenty-four 
digits, they divided the obolus into four parts, which some 
call dichalca, others trichalca. Our ancestors, however, 
were better pleased with the number ten, and hence made 
the denarius to consist of ten brass asses, and the money 
to this day retains the name of denarius. The sester- 
tius, a fourth part of a denai*ius, was so called, because 
composed of two asses, and the half of another. Thus 
hkdmg the numbers six and ten perfect, tliey adjiedi \k<eai 
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together, and formed sixteen, a still more perfect nnn 
ber. The foot measure gave rise to this, for subtractaiti 
two palms from the cubit, four remain, which is tfai 
length of a foot ; and as each palm contains four digiii 
the foot will consequently contain sixteen, so the deu 
rius was made to contain an equal number of asses. If il 
therefore appear, that numbers had their origin from thi 
human body, and proportion is the result of a due ad 
justment of the different parts to e§u2h other, and to tbc 
whole, they are especially to be commended, who, ii 
designing temples to the gods, so arrange the parts thil 
the whole may harmonize in their proportions and 
symmetry. The conditions of temples are distinguiahd 
by their different forms. First, that known by the appella 
tion IN ANTis, which the Greeks call voos iy iropcurroo-i; thei 

the PEOSTYLOS, PERIPTEROS, PSEUDOPIPTEBOS, DIFTEB06 

HTP^THROS. Their difference is as follows. A tempfc 
is called in antis, when it has antss or pilasters in froB 
of the walls which enclose the cell, with two column 
between the antee, and crowned with a pediment, propoi 
tioned as we shall hereafter direct. There is an exampl 
of this species of temple, in that of the three dedicate 
to Fortune, near the Porta Collina. The prostylc 
temple is similar, except that it has columns instead < 
antsB in front, which are placed opposite to antse at tl 
angles of the cell, and support the entablature, whic 
returns on each side as in those in antis. An examp 
of the prostyles exists in the temple of Jupiter ai 
Faunus, in the island of the Tyber. The amphipbc 
TYLOS is similar to the prostyles, but with this additio 
that the columns and pediment in the front are r 
peated in the rear Of the temple. The peripteros h 
six columns in the front and rear, and eleven on tl 
flanks, counting in the two columns at the angles, ai 
these eleven are so placed that their distance from ti 
wall is equal to an intercolumniation, or space betwe< 
the columns all round, and th.ua is iormfc^ ^^^Uslqsoui 
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le cell of the temple, such as may be seen in the por- 
.co of the theatre of Metellus, in that of Jnpiter Stator, 
y Hennodus, and in the temple of Honour and Virtue 
nthont a posticum designed by Mutius, near the trophy 
ii Marins. The pseudodiftebos is constructed with eight 
X)liunns in front and rear, and with fifteen on the sides, 
indnding those at the angles. The walls of the cell are 
i^posite to the four middle columns of the front and of 
the rear. Hence from the walls to the front of the lower 
part of the columns, there will be an interval equal to 
two intercolumniations and the thickness of a column all 
xonnd. No example of such a temple is to be found in 
Bome, but of this sort was the temple of Diana, in Mag- 
nesia, built by Hermogenes of Alabanda, and that of 
Apollo, by Menesthes. The diptebos is octastylos like 
the former, and with a pronaos and posticum, but all 
round the cell are two ranks of columns. Such are the 
Doric temple of Quirinus, and the temple of Diana at 
Ephesus, built by Ctesiphon. The hyp-ethros is deca- 
stylos, in the pronaos and posticum. In other respects 
it is similar to the dipteros, except that in the inside it 
lias two stories of columns all round, at some distance 
from the walls, after the manner of the peristylia of 
porticos. The middle of the interior part of the temple 
is open to the sky, and it is entered by two doors, one in 
front and the other in the rear. Of this sort there is no 
example at Bome, there is, however, an octastyle specimen 
of it at Athens, the temple of Jupiter Olympius. 
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CHAPTER n. 

OF THE FIVE SPECIES OF TEMPLES. 

Thebe are five species of temples, whose names are, Fiik 
KosTYLOs, that is, thick set with columns : systtlos, i$ 
which the columns are not so close : diastylos, wheii 
they are still wider apart: areostylos, when plaMl^ 
more distant from each other than in fact they ought to 
be : eustylos, when the intercolumniation, or space be- 
tween the columns, is of the best proportion. PYONOffrt- 
LOS, is that arrangement wherein the columns are only 
once and a half their thickness apart, as in the tempb 
of the god Julius, in that of Venus in the forum rf 
Ceesar, and in other similar buildings. Systylos, is iha 
distribution of columns with an intercolumniation of two 
diameters : the distance between their plinths is thea 
equal to their front faces. Examples of it are to be seen 
in the temple of Fortuna Equestris, near the stone the- 
atre, and in other places. This, no less than the former 
arrangement, is faulty ; because matrons, ascending the 
steps to supplicate the deity, cannot pass the intercolum- 
niations arm in arm, but are obliged to enter after each 
other ; the doors are also hidden, by the closeness of the 
columns, and the statues are too much in shadow. The 
passages moreover round the temple are inconvenient foi 
walking. Diastylos has intercolumniations of three 
diameters, as in the temple of Apollo and Diana. The 
inconvenience of this species is, that the epistylia oi 
architraves over the columns frequently fail, from theu 
bearings being too long. In the ar^ostylos the archi 
traves are of wood, and not of stone or marble ; the dif 
ferent species of temples of this sort are clumsy, heav] 
roofed, low and wide, and their pediments are usually or 
namented with statues of clay or brass, gilt in the Tuscai 
fashion. Of this species is tihe t^m^Ye oi G^t^^, xLoai 
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he Circus Maxnnns, that of Hercules, erected by Pom- 
)ey, and that of Jupiter Capitolinus. We now proceed 
io the EUSTTiiOs, which is preferable, as well in respect of 
sonvenience, as of beauty and strength. Its intercolum- 
liations are of two diameters and a quarter. The centre 
ntercolumniation, in front and in the posticum, is three 
iiameters. It has not only a beautiful effect, but is con- 
renient, from the unobstructed passage it affords to the 
ioor of the temple, and the great room allowed for walking 
round the cell. The rule for designing it is as follows. 
The extent of the front being given, it is, if tetrastylos, 
to be divided into eleven parts and a half, not including 
the projections of the base and plinth at each end : if 
hexastylos, into eighteen parts: if oc tasty los, into twenty- 
four parts and a half. One of either of those parts, ac- 
cording to the case, whether tetrastylos, hexastylos, or 
octastylos, will be a measure equal to the diameter of 
one of the columns. Each intercolumniation, except the 
middle one, front and rear, will be equal to two of these 
measures and one quarter, and the middle intercolum- 
niation three. The heights of the columns will be eight 
parts and a half. Thus the intercolumniations and the 
heights of the columns will have proper proportions. 
There is no example of eustylos in Rome ; but there is 
one at Teos in Asia, which is octastylos, and dedicated 
to Bacchus. Its proportions were discovered by Hermo- 
genes, who was also the inventor of the octastylos or 
pseudodipteral formation. It was he who first omitted 
the inner ranges of columns in the dipteros, which, being 
in number thirty-eight, afforded the opportunity of avoid- 
mg considerable expense. By it a great space was ob- 
tained for walking all round the cell, and the effect of the 
temple was not injured because the omission of the 
columns was not perceptible ; neither was the grandeur of 
the work destroyed. The pteromata, or wings, and the 
disposition of columns about a temple, were contrived for 
ibe purpose of increasing the effect, \)y tide Nmfcftk. «^- 
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pearance of the returning columns, as seen through the 
front intercolumniations, and also for providing plenty of 
room for the numbers frequently detained by ram, so . 
that they might walk about, under shelter, round the celL 
I have been thus particular on the pseudodipteros, be* 
cause it displays the skill and ingenuity with which H6^ 
mogcnes designed those his works ; which cannot bat be 
acknowledged as the sources whence his successors have 
derived their best principles. In areeostyle temples the 
diameter of the columns must be an eighth part of their 
height. In diastylos, the height of the columns is to be 
divided into eight parts and a half; one of which is to be ■ 
taken for the diameter of the column. In systylos, let 
the height be divided into nine parts and a half ; one of 
those parts will be the diameter of a column. In pyeno- 
stylos, one-tenth part of th eheight is the diameter of the 
columns. In the eustylos, as well as in the diastylos, 
the height of the columns is divided into eight parts and 
a half ; one of which is to be taken for the thickness of 
the column. These, then, are the i-ules for the several 
intercolumniations. For, as the distances between the 
columns increase, so must the shafts of the columns in- 
crease in thickness. If, for instance, in the arffjostylos, 
they were a ninth or a tenth part of the lieight, they would 
appear too delicate and slender ; because the air interposed 
between the columns destroys and apparently diminishes, 
their thickness. On the other hand, if, in the pycnostylos, 
their thickness or diameter were an eighth part of the 
height, the effect would be heavy and unpleasant, on ac- 
count of the frequent repetition of the columns, and the 
smallness of the intercolumniations. The arrangement 
is therefore indicated by the species adopted. Columns 
at the angles, on account of the unobstructed play of air 
round them, should be one-fiftictli part of a diameter 
thicker than the rest, that they may have a more graceful 
effect. The deception which the eye undergoes should 
be allowed for in execution. The dimmutvoiL of columns 
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aken at the hypotrachelimn, is to be so ordered, that for 
iolimms of fifteen feet and under, it should be one-sixth 
of the lower diameter. From fifteen to twenty feet in 
height, the lower diameter is to be divided into six parts 
and a half; and five parts and a half are to be assigned 
for the upper thickness of the column. When columns 
are firom twenty to thirty feet high, the lower diameter 
of the shaft must be divided into seven parts, six of which 
are given to the upper diameter. From thirty to forty feet 
high, the lower diameter is divided into seven parts and 
a half, and six and a half given to the top. From forty 
to fifty feet, the lower diameter of the shaft is to be di- 
vided into eight parts, seven of which must be given to 
the thickness under the hypotrachelium. If the propor- 
tion for greater heights be required, the thickness at 
top must be foimd after the preceding method ; always 
remembering, that as the upper parts of columns are more 
distant jfrom the eye, they deceive it when viewed from 
below, and that we must, therefore, actually add what 
they apparently lose. The eye is constantly seeking 
after beauty ; and if we do not endeavour to gratify it by 
proper proportions and an increase of size, where neces- 
sary, and thus remedy the defect of vision, a work will 
always be clumsy and disagreeable. Of the swelling 
which -is made in the middle of columns, which the 
Greeks call ft/roo-ts, so that it may be pleasing and ap- 
propriate, I shall speak at the end of the book. 
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CHAPTER III. 

OF FOUNDATIONS ; AND OF COLUMNS AND THEIR 

ORNAMENTS. * 

If solid ground can be come to, the foundations should 
go down to it and into it, according to the magnitude 
of the work, and the substruction should be built up as 
solid as possible. Above the groimd of the foundation, 
the wall should be one-half thicker than the columns it is 
to receive, so that the lower parts which carry the greatest 
weight, may be stronger than the upper part, which is 
called the stereobata : nor must the mouldings of the 
bases of the columns project beyond the solid. Thus, 
also, should be regulated the thickness of all walls above 
ground. The intervals between the foundations brought 
up under the columns, should be either rammed down 
hard, or arched, so as to prevent the foundation piers from 
swerving. If solid ground cannot be come to, and the 
ground be loose or marshy, the place must be excavated, 
cleared, and either alder, olive, or oak piles, previously 
charred, must be driven with a machine, as close to each 
other as possible, and the intervals, between the piles, 
filled with charcoal. The heaviest foundations may be laid 
on such a base. When they are brought up level, the 
stylobatiB (plinths) are placed thereon, according to the ar- 
rangement used, and above described for the pycnostylos, 
systylos, diastylos or eustylos, as the case may be. In the 
arseostylos it is only necessary to preserve, in a peripteral 
building, twice the number of intercolumniations on the 
flanks that there are in front, so that the length may be 
twice the breadth. Those who use twice the number oi 
columns for the length, appear to err, because they thus 
make one intercolumniation more than should be used 
The number of steps in front should always be odd, since, 
in that case, the right foot, wlDae\L^ft^\xi^ \iXi'^ «a<:ent^ will 
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t which first alights on the landing of the temple. 
Lickness of the steps should not, I think, he more 
3n inches, nor less than nine, which will give an 
scent. The treads not less than one foot and a half, 
ore than two feet ; and if the steps are to go all 
the temple, they are to he formed in the same 
3r. But if there is to he a podium on three sides 
temple, the plinths, hases of the columns, columns, 
e, and cymatium, may accord with the stylohata, 
the hases of the columns. The stylohata should 
adjusted, that, by means of small steps or stools, it 
>e highest in the middle. For if it he set out level, 
have the appearance of having sunk in the centre, 
node of adjusting the steps (scamilli impares), in a 
r manner, will be shewn at the end of the hook, 
icamilli being prepared and set, the bases of tlie 
ns may be laid, their height being equal to the 
iameter of the column including the plinth, and 
projection, which the Greeks call c/cc^opa, one 
3r of the diameter of the column. Thus the height 
readth, added together, will amount to one diameter 
half. If the attic base be used, it must be so sub- 
d that the upper part be one-third of the thickness 
J column, and that the remainder be assigned for 
jight of the plinth. Excluding the plinth, divide 
dght into four parts, one of which is to be given to 
)per torus ; then divide the remaining three parts 
vo equal parts, one will be the height of the lower 
and the other the height of the scotia, with its 
which the Greeks call rpoxi'^o^ (trochilus). If 
they are to be set out so that the base may each 
3 equal to the thickness and three-eighths of the 
a. Its height and that of the plinth the same as 
AC base. The plinth is the same height as in that 
attic base, the remainder, which was equal to one- 
)art of the column's diameter, must be divided into 
parts, three of which are given to tiie "vxj^ex \OT>Q»a»\ 

"a 
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tho remaining four parts are to be equally divided inli 
two, one of which is given to the upper cavetto, wifl 
its nstrngals and listel, the other to the lower cavetloi 
which will have the appearance of being larger, fitwn ii 
being next to the plinth. The astragals must be aa 
eightli part of the scotia, and the whole base on each sida 
is to project three-sixteenths of a diameter. The baM 
boing thus completed, we are to raise the columns oa 
them. Those of the pronaos and posticum are to be sat 
up with their axes perpendicular, the angular ones ex- 
cepted, which, as well as those on the flanks, right ani 
left, are to be so placed that their inner lines of shaft to- 
wards the cell be perpendicular. The exterior lines will 
diminish upwards, as above-mentioned. Thus the diminn* 
tion will give a pleasing effect to the temple. The sbafti 
of tho columns being fixed, the proportions of the capitals 
are thus adjusted : if pillowed, as in the Ionic, they mint 
be so foiined that the length and breadth of the abacus ba 
equal to the diameter of the lower part of the column and 
one-cightoenth more, and the height of the whole, includ- 
ing the volutes, half a diameter. The face of the volutes 
is to recede within the extreme projection of the abticns 
one thirty-ninth part of the w^idth of the abacus. Having 
set out these points on the listel of the abacus at the 
four angles, let full vertical lines. These are callwl eft 
thoti. The whole height of the capital is now to Ix 
divided into nine parts and a half, whereof one pnrt nnc 
a half is the height of the abacus, and the romninini 
eight are for the eye of the volute. Within the line drop 
from the angle of the abacus, at the distance of one and 
half of the parts last found, let fall another vertical lin< 
and so divide it that four parts and a half being left unde 
the abacus, the point which divides them from the r 
maining three and a half, may be the centre of the eye < 
the volute ; from which, witli a radius equid to one ha 
of one of the parts, if a circle he described, it will be U 
size of the eye of the volute. Thiou^'faL \\s cev\fcc^ let i 
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1 line be drawn, and beginning from the upper 
Jie vertical diameter of the eye as a centre, let a 
t be described whose upper part shall touch tlie 
ide of the abacus ; then changing the centre, with 
» less than the last by half the width of the diame- 
he eye, proceed with other quadrants, so that the 
.11 fall into the eye itself, which occurs in the 
d line, at a point perpendicularly under that of 
^ out. The heights of the parts of the capital are 
so regulated that three of the nine parts and a half, 
which it was divided, lie below the level of the 
gal on the top of the shaft. The remaining parts 
or the cymatium, abacus, and channel. The pro- 
.on of the cymatium beyond the abacus is not to be 
iter than the size of the diameter of the eye. The 
ids of the pillows project beyond the abacus, accord- 
; to the following rule. Place one point of the com^ 
ases in the centre of the eye, and let the other extend 
' the top of the cymatium, then describing a semicircle, 
8 extreme part will equal the projection of the band of 
le pillow. The centres, from ^hich the volute is de- 
sribed, should not be more distant from each other than 
le thickness of the eye, nor the channels sunk more 
lan a twelfth part of their width. The foregoing are 
le proportions for the capitals of columns which do not 
reeed fifteen feet in height : when they exceed that, 
aey must be otherwise proportioned, though upon simi- 
ff principles, always observing that the square of the 
Iwkjus is to be a ninth part more than the diameter of 
le colunm, so that, inasmuch as its diminution is less as 
8 height is greater, the capital which crowns it may 
80 be augmented in height and projection. The metliod 
^describing volutes, in order that they may be properly 
imed and proportioned, will be given at the end of the 
)oL The capitals being completed, and set on the tops 
the shafts, not level throughout the range of columns, 
ttso arranged with a gauge as to foUovf ftie 'ms^xia^A^'a. 
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which the small steps on the stylobata produce, whieh 
must be added to them on the central part of the top <t 
the abacus, that the regularity of the epistylia may 
preserved : we may now consider the proportion of theii' 
epistylia, or architraves. When the columns are at leafll, 
twelve and not more than fifteen feet high, the architraftf 
must be half a diameter in height. When they are froB^ 
fifteen to twenty feet in height, the height of the column 
is to be divided into thirteen parts, and one of them 
taken for the lleight of the architrave. So from twentjs 
to twenty-five feet, let the height be divided into twelv« 
parts and a half, and one part be taken for the height of 
the architrave. Thus, in proportion to the height of tlw 
column, is the architrave to be proportioned ; always ] 
remembering, that the higher the eye has to reach, tlw ; 
greater is the. difficulty it has in piercing the density of 
.the air, its power being diminished as the height in- 
creases ; of which the result is, a confusion of the image. ■ 
Hence, to preserve a sensible proportion of parts, if in 
high situations, or of colossal dimensions, wc must 
modify them accordingly, so that they may appear of the 
size intended. The under side of the architrave is to 
be as wide as the upper diameter of the column, at the 
part under the capital ; its upper part equal in width to 
the lower diameter of the column. Its c}Tnatium is to 
be one-seventh part of the whole height, and its projec- 
tion the same. After the cymatium is taken out, the 
remainder is to be divided into twelve parts, three of 
which are to be given to the lower fascia, four to the 
next, and five to the upper one. The zopliorus, or 
frieze, is placed over the epistylium, than which it must 
be one fourth less in height ; but if sculptured, it must 
be one fourth part higher, that the effect of the can'ing 
may not be injured. Its cymatium is to be a seventh 
part of its height, the projection equal to the height 
Above the frieze is placed the dentil-band, whose height 
must bo equal to that of the middle iwAc\s\. cil >i3sifc «xQ.\\ir 
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are, its projection equal to its height. The cutting 
lereof, which the Greeks call /leroxQ (metoche), is to be 
> executed that the width of each dentil may be half its 
ifiight, and the space between them two-thirds of the 
ridth of a dentil. The cymatium is to be one-sixth part 
if its height. The corona, with its cymatium, but with- 
mt the cyma, is to be the same height as the middle 
Eascia of the architrave. The projection of the corona 
nd dentils, together is to be equal to the height from 
the frieze to the top of the cymatium of the corona. It 
may, indeed, be generally observed, that projections are 
more beautiful when they are equal to the height of the 
member. The height of the tympanum, which crowns 
the whole work, is to be equal to one-ninth part of the 
extent of the corona, measured from one extremity of its 
eymatimn to the other, and set up in the centre. Its 
fece is to stand perpendicularly over the architrave and 
the hypotrachelia of the columns. The coronse over the 
tympanum are to be equal to that below, without the 
cymse. Above the coronse are set the cymse, which the 
Greeks call cttiti^iScs, whose height must be one-eighth 
more than that of the corona. The height of the acro- 
teria is to be equal to that of the middle of the tympanum; 
the central ones one-eighth part higher than those at the 
angles. All members over the capitals of columns, such 
as architraves, friezes, coronse, tympana, crowning mem- 
bers (fastigia), and acroteria, should not be vertical, but 
inclined forwards, each a twelfth part of its height ; and 
for this reason, that when two lines are produced from 
the eye, one to the upper part of a member, and the 
other to its lower part, the upper line or visual ray will 
be longer than the lower one, and if really vertical, the 
member will appear to lean backwards ; but if the mem- 
bers are set out as above directed, they wUl have the 
appearance of being perpendicular. The number of 
flutes in a column is twenty-four. They are to be hol- 
\owed, so that a square kept passing xouni \iieSi ^vxxi'Wi,^, 
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and at the same time kept close against the arrises of 
the fillets, will touch some point in their circumference 
and the arrises themselves throughout its motion. The 
additional thickness of the flutes and fillets in the middle 
of the column, arising from the entasis or swelling, will 
be proportional to the swelling. On the cymsB of the 
coronse to the sides of temples, lions' heads should be 
carved ; and they are to be so disposed that one may 
come over each column, and the others at equal distances 
from each other, and answering to the middle of each 
tile. Those which are placed over the columns are to be 
bored through, so as to carry oflF the rain-water collected 
in the gutter. But the intermediate ones must be Bolidi 
80 that the water from the tiles, which is collected in the 
gutter, may not be carried oflF in the intercolumniations, 
and fall on those passing. Those over the columns will 
appear to vomit forth streams of water from their mouths. 
In this book I have done my utmost to describe the 
proportions of Ionic temples : in that following I shall 
explain the proportions of Doric and Corinthian temples. 
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AKCHITECTURE 

OF 

MARCUS VITRUYIUS POLLIO. 



BOOK THE FOURTH. 



INTRODUCTION. 

FiNDiNa, O Emperor, that many persons have left us 
precepts in Architecture, and volumes of commentaries 
thereon, not systematically arranged, but mere general 
principles, littl^finore indeed than scattered hints, I con- 
sidered it a worthy and useful task, first, to give a general 
view of the whole subject, and then to dilate in each 
book on the detail. Thus, Csesar, I treated in the first 
book on the duties of an architect, and the sciences in 
which he should be skilled. In the second, I taught the 
knowledge of the different materials used in building* 
The third contained instructions on the arrangement of 
sacred buildings, their dififerent forms and species, and 
the distributions appropriate to each sort ; confining 
myself, however, to the use of the Ionic order, which, of 
the three, froni the great delicacy of its proportions, 
requires the most attention in its use. I shall now, in 
this book, point out the difference and properties of the 
Doric and Corinthian Orders. 
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CHAPTER I. 






OF THE ORIGIN OF THE THREE SORTS OF COLUMNS 
AND OF THE CORINTHIAN CAPITAL. 

The Corinthian Column is, except in its capital, of tha. 
same proportion as the Ionic : but the additional height' 
of its capital makes it taller and more graceful; ^ 
Ionic capital being but one third of the diameter of the 
shaft in height, whilst that of the Corinthian is equal to 
the thickness of the shaft. Thus, the two-thirds of the 
thickness of the shaft, which are added to its height, give 
it, in that respect, a more pleasing effect. The other 
members which are placed on the Columns, are borrowed 
either from the Doric or Ionic proportions : inasmuch 
as the Corinthian itself has no regular settled rules for 
its cornice, and other ornaments, but is regulated bj , 
analog}', either from the mutuli in the cornice, or the 
guttse in the architrave, or epistylium in-the Doric order; 
or it is set out according to the laws of the Ionic, with a 
sculptured frieze, dentils and a cornice. Thus, from the 
two orders, by the interposition of a capital, a third order 
arises. The three sorts of columns, different in fonii, have 
received the appellations of Doric, Ionic, and Corinthian, 
of which the first is of the greatest antiquity. For Dorus, 
the son of Hellen, and the Nymph Orseis, reigned over 
the whole of Achaia and Peloponnesus, and built at 
Argos, an ancient city, on a spot sacred to Juno, a tem- 
ple, which happened to be of this order. After this, 
many temples similar to it, sprung up in the other parts 
of Achaia, though the proportions which should be pre- 
served in it, were not as yet settled. But afterwards when 
the Athenians, by the advice of the Delphic oracle in a 
general assembly of the different states of Greece, sent 
over into Asia thirteen colonies at once, and appointed a 
governor or leader to each, reser\Viig \ko Ooi^i Q.QnaiXQkSsA 
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>n, the son of Xuthus and Creiisa, whom the Delphic 
LO liad acknowledged as son ; that person led them 
into Asia, and occupied the borders of Caria, and 
) built the great cities of Ephesus, Miletus, Myus 
sh was long since destroyed by inundation, and its 
id rites and suffrages transferred by the lonians to the 
bitants of Miletus), Priene, Samos, Teos, Colophon, 
)s, ErythrsB, Phocsea, Clazomense, Lebedos, and Melite. 
I last, as a punishment for the arrogance of its citizens, 
detached from the other states in a war levied pur- 
it to the directions of a general council ; and in its 
!e, as a mark of favour towards king Attains, and Ar- 
)e, the city of Smyrna was admitted into the number 
[onian states, which received the appellation of Ionian 
Q their leader Ion, after the Carians and LelegsB had 
a driven out. In this country allotting different spots 
sacred purposes, they began to erect temples, the first 
which was dedicated to Apollo Panionios, and resem- 
i that which they had seen in Achaia, and they gave it 
name of Doric, because they had first seen that 
eies in the cities of Doria. As they wished to erect 
1 temple with columns, and had not a knowledge of 
proper proportions of them, nor knew the way in 
ch they ought to be constructed, so as at the same 
B to be both fit to carry the superincumbent weight, 
to produce a beautiful effect, they measured a man's 
, and finding its length the sixth part of his height, 
r gave the column a similar proportion, that is, they 
le its height including the capital, six times the 
kness of the shaft, measured at the base. Thus the 
ic order obtained its proportion, its strength, an'd its 
ity, from the human figure. Under similar notions 
' afterwards built the temple of Diana. But in that, 
ing a new proportion, they used the female figure as 
standard : and for the purpose of producing a more 
' effect, they first made it eight times its thickness in 
bt Under it they placed a base, after \ke TCL^smsst 
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of a shoe to the foot ; they also added volutes to iii 
capital, like graceful curling hair hanging on each side^. 
and the front they ornamented with cymatia and festooni, 
in the place of hair. On the shafts Uiey sunk ehanndB» 
which hear a resemhlance to the folds of a matrond. 
garment. Thus two orders were invented, one of •. 
masculine character, without ornament, the other b^ii^< 
ing a character which resemhled the delicacy, omamenti 
and proportion of a female. The successors of thett 
people, improving in taste, and preferring a more slender 
proportion, assigned seven diameters to the height of 
the Doric column, and eight and a half to the lom 
That species, of which the lonians were the inventors, 
has received the appellation of Ionic. The third species, 
which is called Corinthian, resemhles in its character, 
the graceful elegant appearance of a virgin, in whom, 
from her tender age, the limhs are of a more delicate 
form, and whose ornaments should be unobtrusive. The 
invention of the capital of this order is said to be 
founded on the following occurrence. A Corinthian virgin, 
of marriageable age, fell a victim to a violent disorder. 
After her interment, her nurse, collecting in a basket 
those articles to which she had shewn a partiality when 
alive, carried them to her tomb, and placed a tile on the 
basket ibr the longer preservation of its contents. The 
basket was accidentally placed on the root of an acanthus 
plant, which, pressed by the weight, shot forth, towards 
spring, its stems and large foliage, and in the course 
of its growth reached the angles of the tile, and thus 
formed volutes at the extremities. Callimachus, who, 
for his great ingenuity and taste was called by the 
Athenians Catatechnos, happening at this time to pass 
by the tomb, observed the basket, and the delicacy of the 
foliage which surrounded it. Pleased with the foim and 
novelty of the combination, he constructed from the hint 
thus afforded, columns of this species in the country 
uhout Corinth, and arranged its pxoi^OTtVoiis, dat/^nnining 
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r proper measilres by perfect rules. The method of 
ing out the capital is as follows. Its height, iiiclud- 
the abacus, is to be equal to the diameter of the 
er part of the column. The width of the abacus is 
ained by making its diagonal from opposite angles, 
lal to twice its height. It will thus have a proper 
nt on each face. The faces of the four sides of the 
icos are to be curved inwards from its extreme angles, 
nal to one ninth of its extent. The thickness of the 
wer pm-t of the capital must be equal to the diameter of 
3 top of the shaft, exclusive of the apothesis and astra- 
l. The height of the abacus is a seventh of the height 
the whole capital ; the remainder is to be divided into 
pee parts, one of which is to be given to the lower leaf, 
B middle leaf will occupy the space of the next third 
rt, the stalks or caulicoli will be the same height as the 
\t named, out of which the leaves spring for the recep- 
II of the abacus. Large volutes are generated from 
3se, which branch out»towards the angles. The smaller 
lutes spread out towards the flowers, which are intro- 
ced in the centre of each abacus. Flowers whose 
ttneters are equal to the height of the abacus, are to be 
iced in the central part of each of its faces. By at- 
ition to these rules the Corinthian capital will be pro- 
rly proportioned. Other sorts of capitals are however 
iced on these columns, which, differing in proportion, 
d standing on a different sort of shaft, cannot be re- 
Ted to any other class ; but their origin, though the 
tail be changed, is traced to, and deduced from the 
rinthian, the Ionic, and the Doric, their only differ- 
ces arising from a variation of the arrangement of the 
ilpture on them. 
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CHAPTER II. 

OF THE ORNAMENTS OF COLUMNS. 

The origin ODd invention of the diflferent species of o(h. 
lumns having been discussed, it is now necessary to fUf 
something on the subject of their ornaments, how thflf 
originated, and upon what principles and for what piu^ 
poses they were invented. In all buildings the timb* 
framed work, which has various names, crowns them. 
The timbers vary as much in their uses as in their namei. 
Those are called bressummers (trabes) which are placfli 
over columns, pilasters (parastatse), and antse. In tto '^ 
framing of floors, beams (tigna) and boards (axes) art 
used. If the span of a roof be large, a ridge piece (co- 
lumen) is laid on the top of the king post (columni» 
whence is derived the word column), and a tye beam ; 
(transtrum) and struts (capreoli)- will be necessary. K 
the roof be of moderate span, the ridge piece (coluinen)f 
and rafters (cantherii), of sufficient projection at their 
feet to tlirow the water off the walls, will answer the p1l^ 
pose. On the rafters are laid purlines (templa), and 
again on these, to receive the tiles, are placed common 
rafters (as seres), which must be of sufficient length to 
cover the walls and protect them. Thus each piece has 
its proper place, origin, and purpose. Hence, following 
the arrangement of timber framing, workmen have imi- 
tated, both in stone and marble, the disposition of tim- 
bers in sacred edifices, thinking such a distribution ought 
to be attended to ; because some ancient artificers, having 
laid the beams so that they ran over from the inner face 
of the walls, and projected beyond their external face, 
filled up the spaces between the beams, and ornamented 
the cornices and upper parts with wood- work elegantl} 
wrought. They then cut off the ends of the beams thai 
projected over the external face oi \5ie'^«!3il,^\3L'a\x ^^ iu 
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the appearance whereof being nnpleasing, they 
.y on the end of each beam so cut, indented tablets, 
lar to the triglyphs now in use, and painted them 
L a waxen composition of a blue colour, so that the 
3 of the beams in question might not be unpleasant 
he eye. Thus the ends of the timbers covered with 
ets, indented as just mentioned, gave rise to the tri- 
ph and metopa in the Doric order. Others, in subse- 
mt works, suflfered the rafters* feet above each tri- 
ph, to run over, and hollowed out the projecting in- 
ior surface. So, from the arrangement of beams, 
«e the invention of triglyphs ;. and, from the projection 
the rafters, the use of mutuli under the corona. On 
lich latter account it is observable, that in works of 
me and marble the carving of the mutuli is inclined, in 
itation of the feet of rafters, whose slope is necessary 
carry off the water. Hence we have the imitation of 
e earliest works to account for the Doric triglyph and 
atulus, and not, as some have erroneously said, from 
e circumstance of trigl}^hs being introduced as win- 
ws ; which could not be the case, inasmuch as they 
3 placed on external angles, and immediately over 
lumns, in both which situations windows would be 
surd in the highest degree, for the tye at the angles of 
ildings would be entirely destroyed, if occupied by 
iidows ; and therefore the dentils of the Ionic orders 
ght as properly be seen to occupy the places of win- 
wrs, if the spaces occupied by triglyphs have an origin 
such a nature. The intervals, moreover, between den- 
1, as well as those between triglyphs, are called meto- 
. Besides, the Greeks, by the word oTrat, signify the 
Ls of the beamB, which we call cava columbaria : thus 
space between two beams obtained the name of a 
topa. As in works of the Doric ordei* triglyphs and 
tuli were first used, so in Ionic works the use of den- 
was first introduced ; for as the mutuli bear a resem- 
nce to the projecting feet of the principdL i^\jet^^ ^<^> 
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in the Ionic order, the dentils imitate the projecti(Hi 
the common rafters. Hence the Greeks never pi 
dentils below the mutuli, because the feet of co; 
rafters cannot be below those of principal rafters. Far' 
design must be anomalous, when that which ought to M 
above the piincipal rafters is placed below them. Th| 
ancients, therefore, neither approved nor used mutuli nor- 
dentils in the cornices of their pediments, but coroM 
simply; because neither principal nor common raften 
tail on the front of a pediment, neither can they project 
beyond it, their direction being towards the eavefc 
Their opinion, therefore, evidently was, that a distributkn 
would not be correct in a copy which could not exist in 
the prototype. For the perfection of all works depends 
on their fitness to answer the end proposed, and on 
principles resulting from a consideration of Nature he^ 
self, and they approved those only which, by strict anir 
logy, were borne out by the appearance of utility. Their 
principles were thus established, and they have left hb 
the symmetry and proportion of each order. Following 
their steps, I have already spoken of the Ionic and 
Corinthian orders : I shall now proceed to give a suc- 
cinct account of the Doric order, and its most approved 
proportion. 



CHAPTER III. 

OF THE DORIC PROPORTIONS. 

Some ancient architects have asserted that sacred build- 
ings ought not to be constructed of the Doric order, be- 
cause false and .incongnious arrangements arise in the 
use of it. Such were the opinions of Tarchesius, Pitheus, 
and Hermogenes. The latter, indeed, after having pre- 
pared a lai'ge quantity of mar\)\e ior b^ "Doyv^ \A\!a^le, 
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his mind, and, with the materials collected, 
f the Ionic order, in honor of Bacchus. It is 
se this order wants beauty, antiquity (genus), 
r of form, but because its detail is shackled and 
ent, from the arrangement of the trigl3rphs, and 
Ltion of the sofite of the corona (lacunaria). It 
ary that the triglyphs stand centrally over the 
and that the metopaa which are between the 
should be as broad as high. Over the columns, 
igles of the building, the triglyphs are set at 
mity of the frieze, and not over the centre of the 
In this case the metopse adjoining the angular 
are not square, but wider than the others by 
width of the triglyph. Those who resolve to 
1 metopsB equal, contract the extreme interco- 
m half a triglyph's width. It is, however, a 
hod, either to lengthen the metopsB or to con- 
intercolumniations ; and the ancients, on this 
appear to have avoided the use of the Doric 
their sacred buildings. I will, however, proceed 
n the method of usiag it, as iustructed therein 
asters ; so that if any one desire it, he will here 
proportions detailed, and so amended, that he 
tiout a defect, be able to design a sacred build- 
e Doric order. The front of a Doric temple, 
umns are to be used, must, if tetrastylos, be 
Qto twenty-eight parts ; if hexastylos, into forty- 
s ; one of which parts is called a module, by the 
fjipdrrj^ : from the module so found the distribu- 
1 the parts is regulated. The thickness of the 
is to be equal to two modules, their height 
fourteen. The height of the capital one module, 
th one module and a sixth. Let the height of 
al be divided iuto three parts ; then one of those 
to be assigned for the abacus and its cymsr 
>ther for the echinus, with its fillets ; the third 
jrpotraehelium. The diminutiou oi \k^ c^\xaKSi 
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is to be as directed for the Ionic order in the third booL 
The architrave or epi sty limn, with its tsenia and gatts^ 
is to be one module in height ; the taenia is the seventk 
part of a module ; the length of the guttsB imder tlit 
taenia plumb with the trigljrphs, and including the fillety 
the sixth part of a module. The width of the sofiGit on 
the architrave is to correspond with the thickness of the ' 
column at the hypotracheliimi. Over the architrave 
triglyphs are placed, with metopse one module and a half j 
high, and one module wide on the face. They are to be i 
distributed so, that as well over the columns at the ; 
angles, as over the intermediate columns, they may ' 
stand above the two central quarters of the columns. 
Two are to be placed in each intercolumniation, except 
in the central one of the pronaos and posticum, in which 
three are to be set ; because, by making the middle inte^ * 
columniations wider, a freer passage will be given to 
those who approach the statues of the gods. The width 
of a triglypli is divided into six parts, of which five are 
left in the middle, and of the two haltes of the remaining 
part, one is placed on the right and the other on the left 
extremity. In the centre a flat surface is left, called the 
femur (thigh), by the Greeks fxrjpbsy on each side of 
which chtmnels are cut, whose faces form a right angle; 
and on the right and left of these are other femora ; and, 
lastly, at the angles are the two half channels. The tri- 
glyphs being thus arranged, the metopoe, which are the 
spaces between the triglyi^hs, are to be as long as they 
are high. On the extreme angles ai^e semi-metopie half 
a module wide. In this way all the defects in the me- 
topoe, intercolumniations, and lacunaria, will be remedied. 
The capitals of the triglyphs are to be made the sLxth 
part of a module. Over the capitals of the triglyphs the 
corona is to be laid, whose projection is one half and a 
sixth pai't of a module, with a Doric C}Tnatium over it, 
and anotlier above it, so that, with the cymatia, the co- 
rona is one half of a module high. In \lie softit of the 
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msLf perpendicularly over the triglyphs and centres of 
metopsB, are arranged gattse and sinkings. The 
ner, so as to have six guttse appearing in front, and 
ee on the retom : the remaining spaces, which occur 
m the increased width of the metopsB beyond that of 
i triglyphs, are left plain or sculptured with represen- 
3ons of thunderbolts, and near the edge of the corona 
channel is cut, called a scotia. The remaining parts, 
e tympana, cymse, and coronee, are to be executed 
milar to those described for Ionic buildings. The 
)ove is the method used in diastyle works. If the work 
Jsystyle, with a monotriglyph : the front of the building, 
hen tetrastylos, is to be divided into twenty-three parts ; 
hen hexastylos, into thirty-five : of these, one part is 
iken for a module ; according to which, as above directed, 
be work is to be set out. Thus, over the epistylia are 
wo metopse and one triglyph, and in the angles a space 
rill be left equal to half a triglyph. The middle part, 
inder the pediment, will be equal to the space of three 
liglyphs and three metopse, in order that the central 
mtercolumniation may give room to those approaching 
lie temple, and present a more dignified view of the 
rtatue of the god. Over the capitals of the triglyphs a 
5orona is to be placed, with a Doric cymatium below, as 
ibove described, and another above. The corona, also, 
ogether with the cymatia, is to be half a module high, 
le soffit of the corona, perpendicularly over the tri- 
Ij'phs and centres of the metopse, is to have guttse and 
nkings, and the other parts as directed for the diastyle. 
'' is necessary that the columns should be wrought in 
^enty faces, which, if plane, will have twenty angles ; 
It if channelled, they are to be so formed, that a square 
ing described, whose side is equal to that of the chan- 
1 or flute, if, in the middle of the square, the point of 
pair of compasses be placed, and a segment of a circle 
drawn, touching the angles of the square, such seg- 
mt will determine their sinking. Thus ia \5aft T^otv^ 
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column properly chamfered. In respect of the 
tional thickness in the middle thereof, as mentioned ii 
the third hook, respecting Ionic columns, reference 
he made to that place. As the external symmetry 
Corinthian, Doric, and Ionic edifices has heen exp] 
it is necessary to give directions for the interior 
ments of the cell and pronaos. 



OHAPTEE IV. 

OF THE INTERIOR OF THE CELL AND THE AERANaK- 

MENT OF THE PRONAOS. 

The length of a temple must be twice its width. The 
cell itself is to be in length one-fourth part more thia 
the breadth, including the wall in which the doors are 
placed. The remaining three parts run forward to the 
antoe of the walls of the pronaos, which antse are to be 
of the same thickness as the columns. If the temple be 
broader than twenty feet, two colunms are interposed 
between the two antee, to separate the pteroma from the 
pronaos. The three intercolumniations between the ant» 
and the columns may be enclosed with fence work, either 
of marble or of wood, so, however, that they have doors 
in them for access to the pronaos. If the width be greater 
than forty feet, columns opposite to those which are be- 
tween the antse, are placed towards the inner part, of the 
same height as those in front, but their thickness is to be 
diminished as follows. If those in front are an eighth 
part of their height in thickness, these are to be one 
ninth ; and if the former ai*e a ninth, or a tenth, the lat- 
ter are to be proportionally diminished. For where the 
air does not play round them, the diminution thus made 
will not bo perceived ; lest, however, \lie^ ^Xiwsid. oj^^ear 
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lenderer, when the Antes of the external columns be 
(leaty-fonr in nnmber, these may have twenty-eight, or 

thirty-two. Thus, what is taken from the absolute 

of the shaft, wiU be imperceptibly aided by the 

iber of the flutes, and though of different thicknesses, 

will have the appearance of being equal. This arises 

>m the eye embracing a greater number of surfaces, 

^ thence producing on the mind the effect of a larger 

^Wy. For if two columns, equally thick, one of them 

Livitliout flutes, and the other fluted, are measured round 

;«illL lines, and the line is passed over the flutes and 

Hieir fillets, though the columns are of equal thickness, 

■fte lines which girt them will not be equal, for that 

ihich passes over the fillets and flutes will of course be 

tie longest. This being the case, it is not improper in 

^(aifined and enclosed situations to make the columns of 

•kaderer proportions, when we have the adoption of 

fte flutes to assist us. The thickness of the walls of the 

cdl must depend on the magnitude of the work, taking 

ttre, however, that the antsB are the same thickness as 

fte columus. If built in the ordinary way, they are to 

le of small stones, very carefully laid, but if of square 

stone or marble the pieces should be chiefly small and 

of equal size, because then, the upper stones coming 

over the middle of the joint below them, bind the work 

together and give it strength ; fillets of lime used in 

[winting the joints and beds give the work an agreeable 

appearance. 
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CHAPTEE V. 

OF THE DIFFERENT ASPECTS OF TEMPLES. 

If there be nothing to prevent it, and the use of the 
fice allow it, the temples of the immortal gods sh< 
have such an aspect, that the statue in the cell may 
its face towards the west, so that those who enter to 
fice, or to make offerings, may have their faces to the eart^ 
as well as to the statue in the temple. Thus suppliant|;'i 
and those performing their vows, seem to have the templflb' 
the cast, and the deity, as it were, looking on them at iha 
same moment. Hence all altars of the gods should be 
placed towards the east. But if the nature of the place ; 
do not pennit this, the temple is to be turned as madm 
possible, so that the greater part of the city may be seen 
from it. Moreover, if temples be built on the banks rf 
a river, as those in Egypt on the Nile, they should ftce 
the river. So, also, if temples of the gods be erected on 
the road side, they should be placed in such a manner 
that those passing by may look towards them, and make 
their obeisance. 



CHAPTEK VI. 

OF THE PEOPORTIONS OF THE DOORS OF TEMPLES. 

The following are the rules for door-ways of temples, 
and for their dressings (antepagmenta). First the spe- 
cies is to be considered: tliis is Doric, Ionic, or Attic. 
The Doric is constructed with these proportions. The 
top of the cornice, which is above the upper di'essing, \i 
to be level with the top of the capitals in the pronaos 
The aperture of the door is determined as follows. Th< 
height from the pavement to tlie locvmaiva. y& to he di 
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A into three parts and a half, of which two constitute 
height of the doors. The height thus obtained is to 
divided into twelve parts, of which five and a half are 
en to the width of the bottom part of the door. This 
diminished towards the top, equal to one-third of the 
assing, if the height be not more than sixteen feet. 
rom sixteen feet to twenty-five the upper part of the 
lening is contracted one-fouith part of the dressing. 
rem twenty-five to thirty feet the upper part is con- 
acted one-eight of the dressing. Those tliat are higher 
loold have their sides vertical. The thickness of the 
ressings in front is to be equal to one-twelfth of the 
flight of the door, and they are to diminish towards the 
op a fourteenth part of their width. The height of the 
(rehitrave is to be equal to the upper part of the dress- 
ng. The cymatium is to be a sixth part of the dressing; 
Is projection equal to its thickness. The cymatium is to 
be sculptured in the Lesbian foim, with an asti'agal. 
Ahove the cymatium of the architrave of the dressing 
(supercilium), the frieze (hyperthyrum), is placed, and it 
is to have a Doric cymatium, with a Lesbian astragal, 
in low relief. Over this the corona is placed, unorna- 
Baented, and with a cymatium. Its projection is to equal 
^e height of the supercilium placed over the arcliitrave 
^^ the dressing. On the right and left, projectures are 
Qiade ; and the cymatia of the dressings are connected 
V a mitre. If the doors are Ionic, their height is to be 
'egulated as in those that are Doric. Their width is 
bund by dividing the height into two parts and a half, 
ad taking one and a half for the width below. The di- 
linution is to be as in the Doric door-way. The width 
f the dressings is to be a fourteenth part of the height 
f the aperture ; the cymatium a sixth part of their width ; 
le remainder, deducting the cymatium, is to be divided 
to twelve parts, three of which are given to the first 
iscia, with the astragal, four to the second, and ^we to 
le third. The fascise, with the astragal, rvm. cfi\\fc^Qvjai4L 
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the dressings. The upper members of the door-way ar 
the same as those of the Doric. The trusses (ancones 
or prothyrides, which are carved on the right and lef^ 
reach to the bottom of the level of the architrave, excl 
sive of the leaf. Their width on the face is one-third 
the dressing, and at the bottom one-fourth part less. Th.e 
wooden doors are to be so put together, that the hing'6 
styles (scapi cardinales) may be one-twelfth of the height t 
of the aperture. The pannels, (tympana) between the 
styles are to be three out of twelve parts in width. Tlie 
arrangement of the rails is to be such, that when the 
height is divided into five parts, two are given to the 
upper and three to the lower rail. In the centre the 
middle rails (medii impages) are placed ; the others 9i% 
disposed above and below. The ^idth of the rail is to 
be one-third of the pannel, and its cymatium a sixth part 
of the rail itself. The width of the inner styles is one- 
half of the rail, and the raising (replum) four-sixths of 
the rail. The styles nearest the dressings are made one- 
half of the rail. If the doors are folding, the height re- 
mains the same, but the width is to be increased. If in 
four folds the height is to be increased. The Attic doors 
are made of the same proportions as the Doric, except 
that, in the dressings, the fascise return within the cy- 
matium ; and these are proportioned so, that exclusive of 
the cymatium, they are to be two-sevenths. These doors 
are not to be inlaid (cerostrota), nor in two folds, but 
single folded, and to open outwards. I have explained, to 
the best of my power, the proportions used in setting 
out Doric, Ionic, and Corinthian temples, according to 
the approved methods. I shall now treat of the arrange- 
ment of Tuscan temples, and how they ought to be buUt. 
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CHAPTEK VII. 

THE TUSCAN PROPORTIONS: OF CIRCULAR TEM- 
PLES, AND OTHER SPECIES. 



length of the site of the temple mtended, must be 
ded into six parts, wherefrom subtracting one part, 
■fte width thereof is obtained. The length is then 
iivided into two parts, of which the furthest is assigned 
to the cell, that next the front to the reception of the 
ealimms. The above width is to be divided into ten 
parts, of which, three to the right and three to the left 
ve for the smaller cells, or for the alse, if such are re- 
quired : the remaining four are to be given to the cen- 
tral part. The space before the cells in the pronaos, is to 
kaTe its columns so arranged, that those at the angles 
aw to correspond with the antse of the external walls : 
the two central ones, opposite the walls, between the 
aatffi and the middle of the temple, are to be disposed, 
80 that between the antse and the above columns, and in 
that direction, others may be placed. Their thickness 
few is to be one-seventh of their height : their height 
one-third of the width of the temple, and their thickness 
tt top is to be one-fourth less than their thickness at 
bottom. Their bases are to be half a diameter in height. 
The plinths, which are to be circular, are half the height 
of the base, with a torus and fillet on them as high as 
Ihe plinth. The height of the capital is to be half a 
feieter. The width of the abacus is equal to the 
lower diameter of the column. The height of the 
capital must be divided into three parts, of which one is 
assigned to the plinth or abacus, another to the echinus, 
Ihe third to the hypotrachelium, with its apophyge. 
Over the columns coupled beams are laid of such height 
•8 the magnitude of the work may require. Their width 
nans* he equal to that of the hypotrachelium a\. \3cife \.C!i^ 
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of the column, and they are to be so conpled tO| 
with dovetailed dowels as to leave a space of two i 
between them. For if they are laid touching each oi 
and the air does not play round them, they heat 
soon rot. Above tiie beams and walls the mutoll 
ject one-fourth the height of the column. In front 
these members are fixed, and over them the tympamoi 
of the pediment, either of masonry or timber. Aboil 
the pediment the ridge-piece (columen), rafters (caa- 
therii), and purlines (templii), are distributed so that flu 
water may drip therefrom on three sides. Circular tem- 
ples are also constructed, of which some are MOKo^ 
TERAL, having columns without a cell ; others are called ; 
PERIPTERAL. Thoso without a cell have a raised floor; 
(tribunal), and an ascent thereto equal to one-third of 
their diameter. On the pedestals (stylobatoe) columns 
are raised, whose height is equal to the diameter whidi 
the pedestal occupies, and their thickness, including th* 
bases and capitals, one-tenth part of their height. 
The height of the architrave is half a diameter ; the 
frieze and members over it are to be pro2)ortioned ac- 
cording to the directions to that effect which have been 
given in the third book. But if the building be perip- 
teral, two steps, and then the pedestals are built there- 
under ; the wall of the cell is raised at a distance fi'om 
the pedestals of about one-fifth of the whole diameter, 
and in the middle is left an opening for the door. The 
clear diameter of the cell within the walls, is to be equa 
to the height of the columns above the pedestals. Th( 
columns round the cell are proportioned as above di 
rected. At the centre of the roof, tlie height of it i 
equal to half the diameter of the work, exclusive of th( 
flower. The flower without the pyramid is to equal ii 
dimensions the capitals of the columns. The other part 
are to be similar in proportions and symmetry to thos 
already described. Other species of temples are als 
erected, regulated on the same priuci^^les, but with a dii 
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nt arrangement of parts, such as4ihe temple of Castor 
he Circus Flaminius, and of Beardless Jupiter (Ve- 
is), between the two groves. As also, though more 
:emoiisly contrived, that of Diana Aricina, with 
umiis on each flank of the pronaos. The first tem- 
»s built similar to that of Castor in the Circus, were 
386 of Minerva on the Acropolis of Athens, and of 
illas at Sunium in Attica, the proportions of which are 
[oilar. The length of the cells is douhle their hreadth, 
id in other respects, those symmetries which are used 
L the fronts are preserved on the sides. Others, with 
Q. arrangement of columns similar to that observed in 
Tuscan temples, transfer it to Corinthian and Ionic de- 
igns ; for in some examples, instead of the antSB which 
im out from the pronaos, two columns are substituted, 
md thus Tuscan and Greek principles are mixed. Others 
removing the walls of the cell, and placing them between 
Ihe intercolumniations of the pteroma, give more space 
to the cell by their removal, and by preserving in other 
respects the same proportions and S3rmmetry, seem to 
liave invented another species which may be called 
PBEUDOPERiPTERAL. Theso different sorts of temples are 
dependent on the sacrifices performed in them ;'' for tem- 
ples to the gods are not all to be constructed in the same 
manner, the worship and sacred rites of each being dif- 
ferent. I have, according to the rules taught to me, 
explained the different principles on which temples are 
tJonstructed, the different orders and symmetry of their 
letail, wherein and how they respectively differ; and 
Ids I have written to the best of my ability. I shall 
low describe the altars of the immortal gods, and their 
ituation as adapted to sacrifices. 



"B 



98 



CHAPTER Vni. 



OF ALTARS TO THE GODS. 

The aspect of altars should be to the east, and they sh( 
always be lower than the statues in the teniple, so 
the supplicants and those that sacrifice, in looking to-| 
wards the deity, may stand more or less inclined, as thd^ 
reverence to be shewn may proportionably requirOi 
Hence altars are thus contrived ; the heights of those of 
Jupiter and the celestial gods are to be ashigh as they 
may conveniently be; those of Vesta, the Earth, and 
the Sea are made lower. On these principles, altars m 
the middle of temples are fitly proportioned. In this 
book the method of designing temples is shewn ; in the 
following, rules will be given for the arrangements to be 
observed in public buildings. 



THE 

AKCHITECTURE 

OP 

MAEOUS VITRUVIU8 POLLIO. 



BOOK THE FIFTH. 



INTRODUCTION. 

: Thosb, O Emperor, who at great length have explained 
their inventions and doctrines, have therehy given to 
their writings an extended and singular reputation. 
Would that suqji were the case with my labours, so 
liiat amplification might bring reputation with it. That, 
however, I believe is not probable, since a treatise on 
Architecture is not like History or Poetry. History in- 
terests the reader by the various novelties which occur in 
it; Poetry, on the other hand, by its metre, the feet of its 
verses, the elegant arrangement of the words, the dia- 
logue introduced into it, and the distinct pronunciation 
of the lines, delighting the sense of the hearer, leads him 
to the close of the subject without fatigue. This cannot 
he accomplished in Architectural works, because the 
terms, which are unavoidably technical, necessarily throw 
an obscurity over the subject. These terms, moreover, 
are not of themselves intelligible, nor in common use ; 
hence if the precepts which are delivered by authors ex- 
tend to any length, and are otherwise explained than in 
few and perspicuous expressions, the mind of the reader 
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is bewildered by the quantity and frequent recurrence 
them. These reasons induce me to be brief in the 
planation of unknown terms, and of the symmetry of tbtf 
parts of a work, because the matter may thereby be more 
easily committed to and retained by the memory. I am 
moreover inclined to be concise when I reflect on the 
constant occupation of the citizens in public and private 
affairs, so that in their few leisure moments they may 
read and understand as much as possible. Pythagoras 
and his followers wrote the precepts of their doctrines in 
cubical arrangement, the cube containing two hundred 
and sixteen verses, of which they thought that not more 
than three should be allotted to any one precept. A cube is 
.a solid, with six equal square faces, which, however it&lls, 
remains steady and immoveable till removed by force : 
such are the dice which are thrown on a table by game- 
sters. From this circumstance they seem to have adopted 
the cube, since like the cube, this number of verses nuikes 
a more lasting impression on the memory. The Greek 
comic poets have also divided the action of their stories, 
by the interposition of the chorus to ease the principal 
actors so that a cubical proportion is observed. Since 
the ancients therefore used these methods, founded on 
the observance of natural effects, seeing that the subject 
I treat of will be new and obscure to many, I thought it 
would be preferable to divide it into small portions, that 
it might more easily strike the imderstanding of the 
reader. The subjects also are so arranged, that those of 
the same nature are classed together. Thus, O Caesar, I 
explained the proportions of temples in the third and 
fourth books ; in this I intend to describe the arrange- 
ment of public buildings ; and that of the forum first, 
because therein public no less than private affairs are 
regulated by the magistrates. 
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CHAPTEE I. 

OF THE FORUM AND BASILICA. 

: Greeks make their fomm square^ with a spacious and 
[>le portico, ornamenting it with columns placed at 
?ow intervals, and stone or marble epistylia, and form- 
walks above on the timber firamed work. In the 
5S of Italy, however, this practice is not followed, be- 
se the ancient custom prevails of exhibiting the shows 
[ladiators in the forum. Hence, for the convenience of 
spectators, the intercolumniations must be wider; and 
Bankers' shops are situated in the surrounding porticos 
ti apartments on the floors over them, which are con- 
icted for the use of the parties, and as a depot of 
public revenue. The size of the forum is to be pro- 
doned to the population of the place, so that it be 
too small to contain the numbers it should hold, 
have the appearance of being too large, from a want 
lumbers to occupy it. The width is obtained by as- 
ung to it two-thirds of its length, which gives it an 
)ng form, and makes it convenient for the purpose of 
shows. The upper columns are to be made one- 
th less than those below ; and that because the latter 
ig loaded with a weight, ought to be the stronger ; be- 
je, also, we should foUow the practice of nature, which, 
traight growing trees, like the fir, cypress, and pine, 
:es the thickness at the root greater than it is at top, 
preserves a gradual diminution throughout their 
;ht. Thus, following the example of nature, it is 
.tly ordered that bodies which are uppermost should 
ess than those below, both in respect of height and 
kness. The basilica should be situated adjoining 
forum, on the warmest side, so that the merchants 
• assemble there in winter, vdthout being inconve- 
Lced bj the cold. Its width must not \>^ \ft^^ \3ckaaL ^ 
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third part, nor more than half its length, unless the ni 
ture of the site prevent it, and impose a different piC 
portion ; if, however, that be longer than necessazy, i 
chalcidicum is placed at the extremity, as in the Jnliai 
basilica on the Aquiline. The columns of basilicas an 
to be of a height equal to the breadth of the portico, tiM 
the width of the portico one-third of the space in ib 
middle. The upper columns, as herein above described 
are to bo loss than those below. The parapet betweei 
the upper columns should be made one-fourth less thii 
those columns, so that those walking on the floor of thi 
basilica may not be seen by the merchants. The propop 
tions of the architrave, frieze, and cornice may be leanil 
from what has been said on columns in the third IxxAi 
Basilicoe, similar to that which I designed and carried into 
execution in the Julian colony of Fano, will not be defi- 
cient either in dignity or beauty. The proportions and 
symmetry of this are as follow. The middle vault, be- 
tween the columns, is one hundred and twenty feet long, 
and sixty feet wide. The portico round it, between tlio 
walls and columns, is twenty feet w^ide. The height of 
the columns, including the capitals, is fifty feet, their 
thickness five feet, and they have pilasters behind them 
twenty feet high, two feet and a half wide, and one and 
a half thick, supporting beams which cany the floor of 
the portico. Above these, other pilasters are placed, 
eighteen feet high, two feet wide, and one foot thick: 
which also receive timbers for carrying the raftei'S of th< 
portico, whose roof is lower than the vault. The space 
remaining between the beams, over the pilasters and th« 
columns, arc left open for light in the intercolumnii 
tions. The columns in the direction of the breadth C 
the vault are four in number, including those on the al 
gles right and left; lengthw^ise, in which direction : 
joins the forum, the number is eight, including those i 
the angles ; on the opposite side, including all tl 
angular columns, there are six co\v\Tcma,>o^<i«>3L"aiQk the tv 
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J ones on that side are omitted, so that the view of 
"onaos of the temple of Augustus may not be ob- 
ed : this is placed in ^e middle of the side wall of 
•asilica, facing the centre of the forum and the 
e of Jupiter. The tribunal is in the shape of a 
mt of a circle ; the front dimension of which is 
iix feet, that of its depth fifteen feet ; and it is so 
red, that the merchants who are in the basilica 
LOt interfere with those who have business before 
agistrates. Over the columns round the building 
raves are placed. These are triple, each of them 
et in size, and are fastened together. At the third 
n, on the inside, they return to the antsB of the 
[>s, and are carried on to meet the segment on the 
and left. Over the architraves, upright with the 
Is, piers are built three feet high and four feet 
a, on which are laid beams well wrought, joined 
ler in two thicknesses of two feet each, and thereon 
)ams and rafters are placed over the columns, antee, 
'alls of the pronaos, carrying one continued ridge 
the basilica, and another from the centre thereof, 
the pronaos of the temple. Thus the two-fold 
ion of the roof gives an agreeable effect outside, 

the lofty vault within. By this arrangement the 
;ion of the cornices and parapets, and the upper 

1 of columns, saves considerable labour, and greatly 
lishes the cost of the work ; and the columns in one 
i brougiit up to the architrave of the arch, give an 
jrance of magnificence and dignity to the building. 
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CHAPTER n. 

OF THE TREASURY, PRISON, AND GUELL 

The treasury, prison, and cnria are to adjoin the fo 
to which their dimensions are to be proportionate, 
of the curia, which must be suitable to the importanosl 
the community or state. If square, its height is to 
once and a half its width ; but if oblong, the length 
width must be added together, and one-half of their 
assigned for the height up to the lacunaria. The 
moreover, at half their height, are to have cornices 
round them of wood or plaster. For if such be not 
vidcd, the voices of the disputants meeting with no 
in their ascent, will not be intelligible to the aadienflSk^i 
But when the walls are encircled round with coinioei^ 
the voice, being thereby impeded, will reach the ear br * 
fore its ascent and dissipation in the air. 



CHAPTER III. 
OF TTIE THEATRE, AND OF ITS HEALTHY SITUATION. 

When the forum is placed, a spot as healthy as possible 
is to be chosen for the theatre, for the exhibition of 
games on the festival days of the immortal gods, ac- 
cordiiij^ to tJie instructions given in the first book re- 
specting the healthy disposition of the walls of a city. 
For the spectators, with their wives and children, de- 
lighted with the entertainment, sit out the whole of the 
games, and tlio pores of their bodies being opened by 
the pleasure they enjoy, are easily affected by the air, 
which, if it blows from marshy or other noisome places. 
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its bad qualities into the system. These evils 

avoided by the careful choice of a situation for the 

i, taking especial precaution that it be not exposed 

the south ; for when the sun fills the cavity of the 

itre, the air confined in that compass being incapable 

drcnlating, by its stoppage therein, is heated, and 

up, extracts, and diminishes the moisture of the 

ly. On these accounts, those places where bad air 

are to be avoided, and wholesome spots to be 

The construction of the foundations will be 

easily managed, if the work be on a hill; but if we 

compelled to lay them on a plain, or in a marshy 

the piling and foundations must be conducted as 

[^escribed for the foundations of temples in the third 

kok. On the foundations, steps (gradationes) are raised, 

ofstone and marble. The number of passages (praecinc- 

tioiies) must be regulated by the height of the theatre, 

ndare not to be higher than their width, because if 

made higher, they will reflect and obstruct the voice in 

its passage upwards, so that it will not reach the upper 

r Kats above the passages (prsecinctiones), and the last 

syllables of words will escape. In short, the building 

should be so contrived, that a line drawn from the first 

to the last step should touch the front angle of the tops 

of all the seats ; in which case the voice meets with no 

impediment. The entrances (aditus) should be numerous 

and spacious ; those above ought to be unconnected with 

those below, in a continued line wherever they are, and 

without turnings ; so that when the people are dismissed 

from the shows, they may not press on one another, but 

have separate outlets free from obstruction in all parts. 

A place which deadens the sound must be carefully 

avoided; but, on the contrary, one should be selected 

in which it traverses freely. This will be effected, if a 

place is chosen wherein there is no impediment to sound. 

The voice arises from flowing breath, sensible to the 

hearing through its percussion on the air. It is pro- 
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polled by an infinite nnmber of circles similar to 
generated in standing water when a stone is cast tlu 
which, increasing as they recede from the centre, 
to a great distance, if the narrowness of the place 
some obstruction do not prevent their spreading to 
extremity ; for when impeded by obstructions, the 
recoil affects all that follow. In the same . manner 
voice spreads in a circular direction. But, whereas 
circles in water only spread horizontally, the voice, oii| 
the contrary, extends vertically as well as horizontaSyS! 
Wherefore, as is the case with the motion of water, qi 
with the voice, if no obstacle disturb the first undulation^ 
not only the second and following one, but all of thea 
will, without reverberation, reach the ears of those it 
bottom and those at top. On .this account the ancient 
architects, following nature as their guide, and reflecting 
on the properties of the voice, regulated the true ascent 
of steps in a theatre, and contrived, by musical propoi^ 
tions and mathematical rules, whatever its effect migbt 
be on the stage (scena), to make it fall on the ears of the 
audience in a clear and agreeable manner. Since in 
brazen or horn wind instruments, by a regulation of the 
genus, their tones are rendered as clear as those of 
stringed instruments, so by the application of the laws 
of harmony, the ancients discovered a method of in- 
creasing the power of the voice in a theatre. 



CHAPTER IV. 

OF HARMONY. 



Harmony is an obscure and difficult musical science, bi 
most difl&cult to those who are not acquainted with tb 
Greek language ; because it is necessary to use man 
Greek words to which there are none coTT(i«^o![i^\sx%' 
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itin. I will therefore explain, to the best of my ability, 
doctrine of Aristoxenus, and annex his diagram, and 
BO designate the place of each tone, that a person 
stadiously applies himself to the subject may very 
Ly understand it The inflexion of the voice is two- 
; first, when it is monotonous, second, when it pro- 
by intervals. The first is not limited by cadences 
the close, nor la any other place ; no perceptible dif- 
of tone being discoverable between its begin. 
[«mg and its ending, the time between each sound is 
[tkwever distinctly marked, as in speaking, when we pro- 
Bonnce the words, sol, lux, flos, nox. Herein the ear 
(does not perceive any difference of tone between the 
iNginning and the ending, by the voice rising higher or 
deBcending lower; neither, that from a high pitch it 
becomes lower, nor the contrary. But when the voice 
moves by intervals, it is differently inflected, being 
maetimes at a high pitch, and sometimes at a low one, 
md resting at different times on different tones ; by 
doing which with quickness and facility, it appears 
unfixed. Thus. in singing, the variety of inflexion pro- 
duces an air. In short, by the use of different inter- 
yals, the tones are so marked and determined, that we 
perceive the pitch at which it begins, and that at 
which it finishes, though the intermediate tones are 
not heard. There are three sorts of modulation, the 
enharmonic (apfiovia), the chromatic (xpo)/xa), and the 
diatonic (^tovos), so called by the Greeks. The enhar- 
monic is so constructed by art, as to be full of majesty 
and pathos. The chromatic by the skilful contrivance 
and closeness of its intervals has more sweetness. The 
diatonic, whose intervals are more simple, is most 
natural. The disposition of the tetrachords, in these 
genera, are dissimilar. The enharmonic tetrachord con- 
sists of two dieses, and two whole tones ; a diesis being 
the fourth part of a tone, and two of them consequently 
equal to a semitone. In the chromatic tetrachord, there 
are two consecutive semitones, and llxe \5mdL \Xi\fc?n^ 
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contains three semitones. The diatonic tetrachoid 

two consecntive tones, and an interval of a semit 

Thus in each genns, the whole tetrachord is equal to 

whole tones and a semitone. But the intervals in € 

genus, differ when considered separately. For nat 

has made the divisions of tones, semitones, and te 

chords, and has established those proportions of the 

tervals, by which workmen are guided in making i 

assignmg then* just proportions to instruments. E 

genus consists of eighteen sounds, which the Gre 

call <f}66yyoi (phthongi). Of these, eight sounds in e: 

of the genera, vary neither in sound nor situation. 1 

remaining ten in each are not common to the other > 

genera. Those which do not vary, contain betw< 

them the variable sounds, and are the limits of the te 

chords in all the genera. Their names are as folic 

proslambanomenos, hypate hypat6n, hypatd mesdn, m< 

net^ syn^mmen6n, parames^, net^ diezeugmen6n, n 

hyperbolaeon. The variable, which lie between th 

that are not variable, change their places according 

the genus. Their names are parhypatd hjrpaton, licha] 

hypaton, parhjrpatd mes6n, lichanos meson, trit^ sync 

menon, paranetd syn^mmenon, trit^ diezeugmen 

paranetd diezeugmenon, trite hyperbolaeon, paran 

hyperbolseon. Those sounds which shift their plac 

change also their nature, and are at different intervi 

as, for instance, the interval between hypate and par! 

pat^, which in the enharmonic genus is only a diesis 

quarter tone, is in the chromatic genus a semitone. 

the lichanos is only a semitone distant from the hyp; 

in the enharmonic genus ; whereas in the chromatic ii 

two semitones distant, and in the diatonic three sei 

tones. Thus the ten sounds, by their situation in t 

different genera, make three different sorts of melo< 

There are five tetrachords. The Greeks call the low< 

xnrarov (hypaton) ; the second, which is in the midd 

/Accrov (meson). The third, which is joined to the t 
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preceding, is called awrffifio/cv (syn^mmenon). The 
iimrth, which is disjoined, called SuCevyfieyov (diezeug- 
nenon). The fifth, which is the highest, the Greeks 
eall vir€pP6XaMrv (hyperbolaeon). The natural conso- 
nances, which the Greeks call oi;/a<^vuu (symphonise), 
-ire six in number ; diatessardn (fourth), diapente (fifth), 
diapas6n (octave), diapas6n with diatessar6n (eleventh), 
diapasdn with diapente (twelfth), and disdiapas6n (fif- 
teenth). These names are given them from the number 
of tones which the voice passes through in going to 
diem, counting that on which the voice begins as one ; 
&us, moving through them to the fourth sound is called 
diatessaron; to the fifth, diapente, to the eighth dia- 
pasdn, to the eleventh diapas6n with diatessaron, to the 
twelfth diapasdn with diapente, to the fifteenth disdia- 
pason. For between two intervals, either in a melody 
song by a voice, or played on a stringed instrument, 
neither with the third, sixth nor seventh can there be 
consonances, but only, as above shewn, with the diates- 
sar6n and diapente up to the disdiapasdn do natural con- 
sonances arise, and those are produced by an union of 
those sounds which the Greeks call <f)06yyoi (phthongi). 



CHAPTER V. 

OF THE VASES USED IN THE THEATRE. 

On the foregoing principles, the brazen vases are to be 
made with mathematical proportions, depending on the 
size of the theatre. They are so formed, as when 
struck, to have sounds, whose intervals are a fourth, 
fifth, and so on consecutively to a fifteenth. Then, between 
the seats of the theatre, cavities having been prepared, 
liey are disposed therein in musical order, but so as not 
o touch the wall in any part, but to have a clear space 
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round them and over their top : they are fixed in an in 
verted position, and on the side towards the scene aif 
Buppoi-ted by wedges not less than half a foot high : and 
openings are left towards the cavities on the lower bed0 
of the steps, each two feet long, and a half a foot wide. 
The following is the rule for determining the situations 
of these vases. If the theatre be of moderate size thej 
must be ranged round at half its height. Thirteen 
cavities are prepared at twelve equal distances from each 
other, so that those tones above-named, producing net^ 
hyperbolseon, are to be placed in the cavities at the 
extreme ends ; second, from the ends, the vessels are to 
be of the pitch of netd diezeugmendn, bearing an in- 
terval of one-fourth from the last mentioned. The third 
net^ parameson, an interval of another fourth. The 
fourth, net^ synenmiendn, another fourth. The fifthi 
mes^, a fourth. The sixth, hypat^ meson, a fourth: in 
the centre of the range, hypat^ hypat6n, a fourth. By 
the adoption of this plan, the voice which issues from 
the scone, expanding as from a centre, and striking 
against the cavity of each vase, will sound with increase! 
clearness and harmony, from its unison with one o 
other of them. If, however, the theatre be on a large 
scale, the height is to be divided into four parts, so thf 
three ranges of cavities may be provided, one for ha: 
monic, the second for chromatic, and the tliird for di; 
tonic vases. That nearest the bottom is for the harmon 
genus as above described, for a lesser theatre. In tl 
middle range on the extremities, vases producing tl 
chromatic hyperbolseon are placed : in the second ca^ 
ties the chromatic diezeugmenon, a fourth from the las 
in the third, at another interval of a fourth, the chr 
matic syn^mmenon : in the fourth, the chromatic meso 
another fourth : in the fifth, tlie chromatic hypaton,anoth 
fourth : in tlie sixth, the parames^, which is a fifth 
the chromatic hyperbolceon, and a fourth to the chi 
matic meson. In the centre none are to be place 
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lieeanse no other sound in the chromatic genus can be 
in consonance therewith. In the upper division and 
[.mige of the cavities, the vases on the extremities are 
\ ecmstructed to produce the tones of the diatonic hyper- 
i lolseon : in the next cavities, those of the diatonic 
' £ezeugmenon, a fourth: in the third, of the diatonic 
■ sjm^mmenon, a fourth : in the fourth, of the diatonic 
meson, a fourth : in the fifth, of the diatonic hypaton, 
a fourth : in the sixth, proslambanomenos, a fourth : in 
the centre, mes^, between which and proslambanomenos 
is an octave, and a fifth between it and the diatonic 
hjpaton. He who is desirous of more fully understand- 
ing these matters, must refer to the musical diagram at 
the end of the book, which is that left to us by Aris. 
toxenus, who with much intelligence and labour, formed 
a general scale of the tones. Hence, he who carefully 
attends to these rules, to the nature of the voice, and to 
the taste of the audience, will easily learn the method of 
designing theatres with the greatest perfection. Some 
one may perchance urge, that many theati'es are yearly 
built in Rome, without any regard to these matters. But 
let him not be herein mistaken, inasmuch as all public 
theatres which are constructed of wood, have many 
floors, which are necessarily conductors of sound. This 
circumstance may be illustrated, by consideration of the 
practice of those that sing to the harp, who when they 
wish to produce a loud effect, turn themselves to the 
doors of the scene, by the aid of which their voice is 
thrown out. But when theatres are constructed of solid 
materials, that is of rubble, squared stones or marble, 
which are not conductors of sound, it is necessary to 
build them according to the rules in question. If it be 
asked what theatre in Home can be referred to as an 
example of their utility, we cannot produce one, but 
guch may be seen in some of the provinces of Italy, and 
many in the Grecian States. We moreover know that 
L. Mnmmius, on the destruction of the theatre at 
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Corinth, brought to Borne some of its brazen vases, 
and dedicated them as spoils at the temple of Luna. 
Many clever architects who have built theatres in smaU 
cities, from the want of other, have made use of earthen 
vessels, yielding the proper tones, and have introduced 
them with considerable adyantage. 



CHAPTEK VI. 

OF THE SHAPE OF THE THEATRE. 

The form of a theatre is to be adjusted so, that from the 
centre of the dimension allotted to the base of the peri- 
meter a circle is to be described, in which are inscribed 
four equilateral triangles, at equal distances from each 
other, whose points are to touch the circumference of 
the circle. This is the method also practised by astro- 
logers in describing the twelve celestial signs, according 
to the musical division of the constellations. Of these 
triangles, the side of that which is nearest the scene 
will determine the face thereof in that part where it cuts 
the circumference of the circle. Then through the centre 
a line is drawn parallel to it, which will separate the 
pulpitum of the proscenium from the orchestra. Thus 
the pulpitum will be more spacious than that of the 
Greeks, and be the better, because our actors re- 
main chiefly on the scena. In the orchestra, seats 
are assigned to the senators, and the height of its pul- 
pitum must not exceed five feet, so that those who 
sit in the orchestra may be enabled to see all the 
motions of the actors. The portions between the 
staircases (cunei) of the theatre are so divided that 
the angles of the triangles, which touch the cir- 
cumference, point to the directions of the ascents and 
steps between the cunei, on the first preecinction or 
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Btoiy. Above these the steps are placed alternately, and 
form the upper cnnei m the middle of those below. The 
angles thus pointing to staircases will be seven in num- 
ber, the remaining five will mark certain points on the 
scene. That in the middle, for instance, - will mark the 
situation of the royal doors, those on the right and left, 
the doors of guests, and those at the extremities, the 
points at which the road turns off. The seats (gradus) 
on which the spectators sit are not to be less than twenty 
inches in height, nor more than twenty-two. Their width 
must not be more than two feet and a half, nor less than 
two feet 



CHAPTEK VII. 

OF THE PORTICO AND OTHlE^ PARTS OF THE 

THEATRE. 

fea roof of the portico, which is on the last step, should 
be on a level with the top of the scene ; by which ar- 
rangement the voice will extend and be distinct to those 
on the upper seats and roof. For if it be not equally 
high, where that height is deficient, the voice, first striking 
thereon, will be stopped. One sixth part of the diameter 
of the orchestra is taken between the lowest steps, and 
level with that dimension the lower seats are disposed. 
A continuation of this line on the scene marks the 
height of the entrances : for thus proportioned, they will 
be of sufficient altitude. The length of the scene must 
be double the diameter of the orchestra. The height of 
the podium, or pedestal, with its cornice and base, from 
the level of the pulpitum, is a twelfth part of the diameter 
of the orchestra. The columns on the podium, with 
their capitals and bases, are to be one-fouxth of it& 
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diameter high. The architraves and cornices of th< 
columns one-fifth of their height. The upper pedesi 
including the hase and cornice, half the height of 1 
lower pedestal. The columns on this pedestal oi 
fourth less in height than the lower columns. T 
architrave and its cornice a fifth of the columns, 
there is to be a third order, the upper pedestal is to 
half the height of that under the middle order, and t 
architrave and cornice a fifth of the columns. It is n 
however, possible to produce the same effect in ev€ 
theatre by the same proportions; but it behoves t 
architect to consider the proportions which sjmmei 
requires, and those adapted to the nature of the place 
the size of the work. Some things there are whose use 
quires them to be of the same size in a large as in a sn 
theatre ; such as the steps, preecinctions, parapets, p 
sages, stairs, pulpita, tribunals, and others which occi 
in all which, the necessity of suiting them to their u 
makes it impossible to form them symmetrically, 
also, if the materials are not provided in sufficient qu 
tity, such as marble, wood, and the like, the diminut 
of or addition to the dimensions, so that it be not 
much, and made with judgment, may be permitted : i 
this will be easily managed by an architect who is a n 
of experience, and who possesses ingenuity and tale 
The parts of the scene are to be so distributed, that 
middle door may be decorated as one of a royal pala 
those on the right and left, as the doors of the gue 
Near these are the spaces destined to receive the dec< 
tions ; which places the Greeks call Trcpto/crot, from 
turning triangular machines. Each of these machi 
has three species of decoration, which, when the e 
ject changes, or on the appearance of a god, are mo 
round with sudden claps of thunder, and alter the app< 
ance of the decoration. Near these places the tumi 
run out, which give entrance to the scene from the for 
and from the country. 
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CHAPTEK VIII. 

OF THE THREE SORTS OF SCENES, AND OF THE 
THEATRES OF THE GREEKS. 

Thxbe are three sorts of scenes, the Tragic, the Comic, 
nd the Satyric. The decorations of these are different 
from each other. The tragic scenes are ornamented 
*ith colnmns, pediments, statues, and other royal deco- 
ntions. The comic scene represents private huildings 
Bid galleries, with windows similar to those in ordinary 
iweUings. The satyric scene is ornamented with trees, 
oaves, hills, and other rural objects in imitation of nature. 
In the theatres of the Greeks the design is not made on 
fhe same principles as those above mentioned. First, 
M to the genersd outline of the plan : whereas, in the 
Latin theatre, the points of four triangles touch the cir- 
(wunference, in the theatres of the Greeks the angles of 
three squares are substituted, and the side of that square 
which is nearest to the place of the scene, at the points 
where it touches the circumference of the circle, is the 
boundary of the proscenium. A line drawn parallel to 
this at the extremity of the circle, will give the front of 
the scene. Through the centre of the orchestra, oppo- 
site to the proscenium, another parallel line is drawn 
touching the circumference on the right and left, then 
one foot of the compasses being fixed on the right hand 
point, with a radius equal to the distance from the left 
point, describe a circle on the right hand side of the 
proscenium, and placing the foot of the compasses on the 
left hand point, with the distance of the right hand in- 
terval, describe another circle on the left side of the 
proscenium. Thus describing it from three centres, the 
Greeks have a larger orchestra, and their scene is fur- 
ther recessed. The pulpitum, which they call Aoyetov, 
is less in width : wherefore, among them, the tragic and 
comic performers suet upon the scene; \ii^ t^^V ^'Ji^s^ 
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through their parts in the orchestra. Hence the j 
formers are distinguished by the names of Scenici i 
Thymelici. The height of the pulpitum is not 1 
than ten feet, nor more than twelve. The directions 
the stairs, between the cunei and seats, are opposite 
the angles of the squares on the first prsBcinction. AIk 
it the other stairs fall in the middle between the Iot 
ones, and so on according to the number of prsBcinctio: 
When these matters are arranged with great care a 
skill, particular attention must be bestowed on t 
choice of a place where the voice falls smoothly, a 
reaches the ear distinctly without an echo. Some plai 
are naturally unfavourable to the difiusion of the voi 
Such are the dissonant, which in Greek are cal 
Kan^owTcs; the circumsonant, which the Greeks ( 
TTcptT^ovKTcs ; tho rosouant, vyrhich they call alrrTjxauvi 
and the consonant, which they call ctwcxovktcs. 1 
dissonant places are those in which the voice, ris 
first upwards, is obstructed by some hard bodies abc 
and, in its return downwards, checks the ascent of 
following sounds. The circumsonant are those wt 
the voice, wandering round, is at last retained in 
centre, where it is dissipated, and, the final syllal 
being lost, the meaning of words is not distinguisl 
The resonant are those in which the voice, strik 
against some hard body, is echoed in the last syllal 
so that they appear doubled. Lastly, the consonant 
those in which the voice, aided by something below, i 
on the ear with great distinctness of words. Henc< 
due care be taken in the choice of the situation, 
effect of the voice will be improved, and the utilit 
the theatre increased. The differences of the figi 
consist in this, that those formed by means of squi 
are used by the Greeks, and those formed by mean 
triangles by the Latins. He who attends to these 
cepts will be enabled to erect a theatre in a pei 
manner. 
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CHAPTER IX. 

OF THE PORTICOS AND PASSAGES BEHIND THE 

SCENES. 

EHiND the scenes porticos are to be built ; to which, in 
ee of sudden showers, the people may retreat from the 
heatre, and also sufficiently capacious for the rehearsals 
if the chorus: such are the porticos of Pompey, of 
Smnenes at Athens, and of the temple of Bacchus ; and 
m the left passing from the theatre, is the Odeum, 
lAdch, in Athens, Pericles ornamented with stone co- 
hmms, and with the masts and yards of ships, from the 
Persian spoils. This was destroyed by fire in the Mi- 
tbridatic war, and restored by king Ariobarzanes. At 
Smyrna was the Strategeum: at Tralles were porticos 
on each side over the stadium, as in the scenes of 
theatres. In shoK, in all cities which possess skilful 
architects, porticos and walks are placed about the 
theatre, and these ought to be constructed double, with 
their exterior columns of the Doric order, whose archi- 
traves, and cornices are to be wrought after the Doric 
method. Their width is to be thus proportioned : the 
height of the exterior columns is equal to the distance 
from the lower part of the shaft of the exterior columns 
to that of those in the middle, and from them to the 
walls which surround the walks of the portico is an equal 
distance. The middle range of columns is one fifth 
part higher than the exterior range ; and is of the Ionic 
or Corinthian order. The proportions and symmetry of 
these columns are not to be guided by the rules delivered 
for those of sacred buildings. For the style used in the 
temples of the gods should be dignified ; whereas, in 
porticos and similar works, it may be of a lighter cha- 
racter. If, therefore, the columns be of the Doric order, 
lieir height, including the capitals, is to be divided into 
ifteen parts, of which one is taken as a module. By this 



118 



all the work is set out, making the thickness of the loi 
part of the column equal to two modules. The inl 
columniation is of five modules and a half. The h< 
of a column, exclusive of the capital, fourteen modnletj 
the height of the capital one module, the width of it 
modules and a sixth. The proportions of the rest of 
work are to be the same as those described for 
buildings in the fourth book. If Ionic columns be use^^-j 
the shaft, exclusive of the base and capital, is to 
divided into eight parts and a half, of which one if^j 
assigned to the thickness of the column. The base^ 
with its plinth, is half a module high ; and the formatioB 
of the capital is to be as shewn in the third book. If' 
Conntliian, the shaft and base are to be the same as the 
Ionic ; but the capital is to be proportioned as directed 
in the fourth book ; and the addition on the pedestal il 
made by means of the scamilli impares, mentioned in the 
third book. The architraves, coronse, and all the other 
parts, are set out in proportion to the columns as ex* 
plained in the foregoing books. The central space be- 
tween the porticos should be ornamented with verdure, 
inasmuch as liypoethral walks are veiy healthy ; first, in 
respect of the eyes, because the air from green plants 
being light and volatile, insinuates itself into the body 
when in motion, clears the sight, and, removing the gross 
humours from the eyes, leaves the vision cleai* and dis- 
tinct. Moreover, when the body is heated by tlie exer- 
cise of walking, the air, extracting its humours, diminishes 
corpulency, dissipating that which is superabundant in 
the body. That this is tlie case, may be proved by ob- 
sei'ving, that from fountains in covered places, or those 
which are under ground, no moist vapoui'S rise ; whilst 
in open places exposed to the air, when the rising sun 
darts his rays upon the earth, he raises the vapours from 
humid and marshy places, and, gathering them into 
masses, carries tliem into the air. If, therefore, in open 
places, the noxious humours of bodies are carried off by 
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the air, as they are from the earth hy means of clouds, 
there can he no donht of the necessity of making spa- 
cious and pleasant walks open to the air in every city. 
That they may always he dry and free from mud, the 
following method must he adopted. They must be dug 
out and drained to the lowest possible level; and on 
the right and left sewers must he constructed ; and in 
the wsJls thereof, towards the walk, di*ains are laid, with 
an inclination to the sewer. When this is done, the 
place is filled in with charcoal ; over which the walks are 
strewed with gravel, and levelled. Thus, from the nar 
toral porosity of the charcoal, and the inclination of the 
drains towards the sewer, the quantity of water is car- 
ried off, and the passages remain dry and unaffected by 
the moisture. In these places the ancients also made 
depots for the reception of things necessary for the use 
of the city. For in case of the city being under block- 
ade, aU things are more easily provided than wood. Salt 
is with facility laid in beforehand ; com, from the public 
or private stores, is soon collected ; and the want of that 
is remedied by the use of garden herbs, flesh, or pulse. 
Water is obtained either by digging new wells, or by 
collecting it from the roofs of buildings; but wood, 
which is absolutely necessary for cooking the food, is 
provided with difficulty and trouble ; and that which is 
slowly procured is quickly consumed. In such times 
these walks are opened, and an allowance distributed to 
the tribes, according to their numbers. Thus they are 
conducive to two good purposes; to health in time of 
peace, and to preservation in time of war. If walks are 
provided after these directions not only behind the scene 
of the theatre, but also acyoining the temples of all the 
gods, they will be of great utility in every city. As they 
have been sufficiently explained, the method of arranging 
the different parts of baths will now follow. 
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CHAPTER X. , 

OF THE AKRANGEMENT AND PARTS OF BATHS. 

FiBST, as warm a spot as possible is to be seU 
that is to say, one sheltered from the north and noi 
east. The hot and tepid baths are to receive the 
light from the winter west ; but, if the nature of tbij 
place prevent that, at all events from the souihj 
because the hours of bathing are principally from 
noon to evening. Care must be taken that the warm 
baths of the women and men adjoin, and have the same 
aspect ; in which case the same furnace and vessels will 
serve both. The caldrons over the furnaces are to be 
three in number, one for hot water, another for tepi^ 
water, and a third for cold water : and they must be so 
arranged, that the hot water which ijms out of the heated 
vessel, may be replaced by an equal quantity from the 
tepid vessel, which in like manner is supplied from the 
cold vessel, and that the arched cavities in which they 
stand may be heated by one fire. The floors of the hot 
baths arc to be made as follows. First, the bottom is 
paved with tiles of a foot and a half inclining towainis 
the furnace, so that if a ball be thrown into it, it will 
not remain therein, but roll back to the mouth of the 
furnace ; thus the flame will better spread under the 
floor. Upon this, piers of eight inch bricks are raised 
at such a distance from each other, that tiles of two feet 
may form their covering. The piers are to be two feel 
in height, and are to be laid in clay mixed \\dth hair, on 
which the above-mentioned two feet tiles are placed, 
which carry the pavement. The ceilings, if of masonr};. 
will be preferable ; if, however, they are of timber, they 
should be plastered on the under side, which must be 
done as follows. Iron rods, or arcs, are prepared and 
suspended by iron hooks from the floor as close as pos- 
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^le. These rods or arcs are at such distances from 
other, that tiles, without knees, may rest on and be 
le by every two ranges, and thus the whole vaulting 
iding on the iron may be perfected. The upper parts 
the joints are stopped with clay and hair. The under 
towards the pavement is first plastered with pounded 
and lime, and then finished with stucco or fine plas- 
[fering. If the vaulting of hot baths is made double it 
inll be better, because the moisture of the steam cannot 
then affect the timber, but wiU be condensed between 
the two arches^ The size of baths must depend on the 
number of persons who frequent them. Their propor- 
ions are as follow : their width is to be two-thirds of 
iheir length, exclusive of the space round the bathing 
iressel (schola labri) and the gutter round it (alveus). 
rhe bathing vessel (labrum) should be lighted from 
ibove, so that the bye standers may not cast any shadow 
ihereon, and thereby obstruct the light. The schola labri 
)nght to be spacious, so that those who are waiting for 
iheir turn may be properly accommodated. The width of 
the alveus between the wall of the labrum and the 
parapet must not be less than six feet, so that it may be 
commodious after the reduction of two feet, which are 
illotted to the lower step and the cushion. <' The laconi- 
jum and sudatories are to adjoin the tepid apartment,^'' 
md their height to the springing of the curve of the 
lemisphere is to be equal to their width. An opening is 
eft in the middle of the dome from which a brazen 
shield is suspended by chains, capable of being so 
owered and raised as to regulate the temperature. It 
should be circular, that the intensity of the flame and 
tieat may be equally diffused from the centre throughout. 
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CHAPTER XI. 

OF THE PAL^STKA. 

Though not used by the people of Italy, it seems 
that I should explain the form of the paleestra, 
describe the mode in which it was constructed by 
Greeks. The square or oblong peristylia of pi 
have a walk round them which the Greeks call 
two stadia in circuit : three of the sides are single pCJi 
ticos : the fourth, which is that on the south side, is t 
be double, so that when showers fall in windy weathea 
the drops may not drive into the inner part of it. In th 
three porticos are large recesses (exedrse) with seaf 
therein, whereon the philosophers, rhetoricians, an^ 
others who delight in study, may sit and dispute. In thl 
double portico the following provision is to be madei 
the ephebeum is to be in the middle, which is in trutM 
nothing more than a large exedra with seats, and longer 
by one-third than its width, on the right is the coriceum,; 
immediately adjoining which is the conisterium, nef 
which, in the angle of the portico, is the cold bath, 
which the Greeks call Xovrpov. On the left of the ephe. 
beum is the elseothesium, adjoining that is the frigidaJ 
rium, whence a passage leads to the propigneum in the 
angle of the portico. Near, but more inward, on the 
side of the frigidarium, is placed the vaulted sudator}': 
whose length is double its width ; on one side of this i" 
the laconicum, constructed as before described : on the 
other side is the hot batli. The peristylia of the paljestrc 
are to be carefully set out as above mentioned. Ex 
teriorly three porticos are constinicted, one througl 
which those who come out of the paliestra pass; ant 
stadial ones on the right and left, of which, that to 
wards the north is double, and of considerable widt? 
The other is single, and so formed that as well Oi. 
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the side next the wall, as on that where the columns 
stand, there are margins for paths of not less than 
ten feet, the centre part is sunk one foot and a half from 
the pathj to which there is an ascent of two steps ; the 
sunken part is not to be less than twelve feet in width. 
Thus, those who in their clothing walk round the paths, 
will not be incommoded by the anointed wrestlers who 
are practising. This species of portico is called xystus 
(fvaros) by the Greeks ; for the wrestlers exercise in 
covered stadia in the winter time. Xysti ought, between 
the two porticos, to have groves or plantations, with 
walks between the trees and seat of cemented work. On 
the sides of the xystus and double portico are open 
walks which the Greeks call TrepiSpo/xtScs, but with us 
they are termed xysti, on which the athletse exercise 
themselves, when the weather is fine, in the winter. 
Behind the xystus the stadium is set out, of such dimen- 
sions that a great number of people may commodiously 
behold the contending wrestiers. I have now given rules 
for the proper distribution of such buildings as are 
within the walls. 



CHAPTER XII. 

OF HAEBOURS AND OTHER BUILDINGS IN WATER. 

I MUST not omit to speak of the formation of harbours, 
but explain in what manner ships are secured therein in 
stormy weather. If they are naturally well situated, 
and have rocks or long promontories jutting out, which 
firom the shape of the place, form curves or angles, they 
are of the greatest utility; because, in that case, nothing 
more is necessary than to construct porticos and arsenals 
j >round them, or passages to the markets ; and then erect 
f*a tower on each side, where&om chains may be sus- 
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pended across by means of machinery. But, if th< 
place be not thus fitted by nature, nor secure foi 
ships in stormy weather, and there be no river there tc 
prevent it, but on one side there is a proper shore, then 
on the other side, by means of building or heaps oi 
stones, a projection is run out, and in this the enclosurefl 
of harbours are formed. Building in the sea is thius 
executed. That powder is procured, which is found is 
the country between Cumse and the promontory oi 
Minerva, and is mixed with the water in the propor- 
tion of two parts thereof to one of lime. Then, in the 
place selected, dams are formed in the water, of oaken 
piles tied together with chain pieces, which are drivenj 
firmly into the bottom. Between the ranges of piles,] 
below the level of the water, the bed is dug out and! 
levelled, and the work carried up with stones and 
mortar, compounded as above directed, till the wall fills 
the vacant space of the dam. K, however, from the^ 
violence of the waves and open sea the dams cannot bej 
kept together, then on the edge of the main land, a' 
foundation for a wall is constructed of the greatest 
possible strength ; this foundation is laid horizontally 
throughout, rather less than half its length ; the re- 
mainder, which is towards the shore, is made to over- 
hang. Then, on the side towards the water, and on the 
flanks round the foundation, margins, projecting a foot 
and a half, are brought up to the level already men- 
tioned. The overhanging part is filled up underneath 
with sand, brought up level with the foundation. On the 
level bed thus prepared, as large a pier as possible is 
built, which must remain for at least two months to set. 
The margin which incloses the sand is then removed, 
and the sand being washed away by the action of the 
waves causes the fall of the mass into the sea, and by a 
repetition of this expedient the work may be carried 
forward into the sea. When the place does not afford 
the powder named, the foUoYring method is to be adopted. 
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ible dams are constructed, well connected with 

and chain pieces, and the cavity between them is 

led up with clay and marsh weeds well rammed down. 

ten rammed down and squeezed as close as possible, 

water is emptied out with screw pumps or water 
[vheels, and the place is emptied and dried, and the 

idations excavated. If the bottom be of loose tex- 
ftnre, it must be dug out till a solid bottom is come to, 
wider than the wall about to be erected, and the wall is 
then built of stone, lime, and sand. But if the bottom 
be very soft, alder, olive, or oak piles, previously charred, 
must be driven, and the intervals between them filled 
inth charcoal, as directed above for the foundations of 
theatres and walls. The wall is then raised with square 
stones, the joints of which are to be as long as possible, 
in order that the middle stones may be well tied in. 
The inside of the wall is then filled with rubble or ma- 
sonry; and on this, even a tower might be erected. 
When this is completed, the arsenals are to be con- 
structed chiefly with a northern aspect ; for if they are 
to the south, the heat will generate and nourish the rot, 
the worm, the ship worm, and other noxious insects ; 
and timber should be sparingly used in these buildings 
on account of fire. No rule can be given for the size, 
but they must be suited to receive the largest ships, so 
that, if drawn ashore, there may be plenty of room for 
them. In this book, as far as it has occurred to me, I 
have treated of the public buildings necessary for the 
use of a city : in that following, I shall treat of the con- 
venience and symmetry of private houses. 
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INTRODUCTION. 

j^lBibtifpus, the Socratic philosopher, shipwrecked on the 
coast of Bhodes, perceiving some geometrical diagrams 
thereon, is reported to have exclaimed to his companions, 
" Be of good courage, I see marks of civilization : " and 
straightway making for the city of Rhodes, he arrived at 
the Gymnasium ; where, disputing on philosophical suh- 
jeets, he obtained such honours, that he not only pro- 
vided for ^himself, but famished clothing and food to 
his companions. When his companions had completed 
their arrangements for returning home, and. asked what 
message he wished to send to his friends, he desired them 
to say : that the possessions and provision to be made 
for children should be those which can be preserved in 
case of shipwreck ; inasmuch as those things are the real 
supports of life which the chances of fortune, the changes 
of public affairs, and the devastation of war, cannot in- 
jure. Thus, also, Theophrastus, following up the senti- 
ment that the learned ought to be more honoured than 
the rich, says, ** that the learned man is the only person 
who is not a stranger in foreign countries, nor friendless 
when he has lost his relations; but that in every state he 
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is a citizen, and that he can look upon a change of fo: 
without fear. But he who thinks himself secured by 
aid of wedth, and not of learning, treads on slipj 
ground, and leads an unstable and insecure life." E; 
curus also says, that fortune is of little assistance to 
wise, since all that is of consequence or necessaiy mij 
be obtained by the exercise of the mind and understand* 
ing. The poets, not less than the philosophers, hm 
argued in this way ; and those who formerly wrote the 
Greek comedies delivered the same sentiments in verse; 
as Euchrates, Chionides, Aristophanes, and above all, 
Alexis, who said, that the Athenians deserved particnlar 
commendation, since, inasmuch as the laws of all the 
Greeks^make it imperative on children to support their per 
rents, those of the Athenians are only obligatory on those 
children who have been instructed, by the care of their 
parents, in some art. Such as possess the gifts of fortune 
are easily deprived of them : but when learning is once 
fixed in the mind, no age removes it, nor is its stability af- 
fected during the whole course of life. I tlicrcfore feel my- 
self under infinite obligations, and am grateful to my 
parents, who, adopting the practice of the Athenians, took 
care that I should be taught an art, and one of such a nature 
that it ciumot be practised without learning and a general 
knowledge of the sciences. Since, then, by my parents' 
care, and by the insti-uction of masters, I had the means 
aiforded me of acquiring knowledge, and was naturally 
delighted with literary and philosophical subjects, I laid 
up those stores in my mind, from the use of which I 
enjoy the advantage of wanting no more, and the value 
of riches consists in having nothing to wish for. But 
some thinking, perhaps, lightly of these things, suppose 
those only are wise who have plenty of money. Hence, 
many, aiming at that end alone, have, by the aid of their 
assurance, acquired notoriety from their riches. But I, 
Cajsar, have not sought to amass wealth by the practice 
of my art, having been rather contented with a small 
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IXEne and reputation, than desirous of abundance ac- 
ipanied by a want of reputation. It is true that I have 
[Hired but little ; yet I still hope, by this publication, 
become known to posterity. Neither is it wonderful 
I am known but to a few. Other architects canvass, 
go about soliciting employment, but my preceptors 
Led into me a sense of the propriety of being re- 
:qaested, and not of requesting, to be entrusted, inasmuch 
the ingenuous man wiU blush and feel shame in asking a 
&TOur ; for the givers of a favour and not the receivers, 
are courted. What must he suspect who is solicited by 
another to be entrusted with the expenditure of his money, 
bat that it is done for the sake of gain and emolument. 
Hence the ancients entrusted their works to those archi- 
tects only who were of good family and well brought up; 
thinking it better to trust the modest, than the bold and 
arrogant, man. These artists only instructed their own 
children or relations, having regard to their integrity, so 
that property might be safely committed to their charge. 
When, therefore, I see this noble science in the hands of 
the unlearned and unskilful, of men not only ignorant of 
architecture, but of every thing relative to buildings, I 
cannot blame proprietors, who, relying on their own in- 
telligence, are their own architects ; since, if the business 
is to be conducted by the unskilful, there is at least more 
satisfaction in laying out money at one's own pleasure, 
rather than at that of another person. No one thinks of 
practising at home any art (as that of a shoemaker or 
fuller, for instance, or others yet easier) except that of an 
architect; and that because many who profess the art 
are not really skilled in it, but are falsely called architects. 
These things have induced me to compose a treatise on 
architecture and its principles, under an idea that it 
would be acceptable to all persons. As in the fifth book 
I treated on the construction of public works, I shall in 
this explain the arrangement and symmetry of private 
buildings. 
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CHAPTER I. 

OF THE SITUATION OF BUILDINGS ACCORDINa TO 
THE NATURE OF DIFFERENT PLACES. 

These are properly designed, when due regard is had to 
the country and climate in which they are erected. For 
the method of building which is suited to Egypt would 
be very improper in Spain, and that in use in Pontos 
would be absurd at Home : so in other parts of the 
world a style suitable to one climate, would be very un- 
suitable to another ; for one part of the world is under 
the sun's course, another is distant from it, and another, 
between the two, is temperate. Since, therefore, from 
the position of the heaven in respect of the earth, from 
the inclination of the zodiac and from the sun's course, 
the earth varies in temperature in different parts, so the 
form of buildings must be varied according to the tem- 
perature of the place, and the various aspects of the 
heavens. In the north, buildings should be arched, en- 
closed as much as possible, and not exposed, and it seems 
proper that they should face the warmer aspects. Those 
under the sun's course in southern countries where the 
heat is oppressive, should be exposed and turned towards 
the north and east. Thus the injury which nature would 
effect, is evaded by means of art. So in other parts, 
due allowance is to be made, having regard to their posi- 
tion, in respect of the heavens. This, however, is 
determined by consideration of the nature of the place 
and observations made on the limbs and bodies of the 
inhabitants. For where the sun acts with moderate heat, 
it keeps the body at a temperate warmth, where it is hot 
from the proximity of the sun, all moisture is diied up ; 
lastly, in cold countries which are distant from the south, 
the moisture is not drawn out by the heat, but the dewy 
air, insinuating its dampness into the system, increases 
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size of the body, and makes the voice more grave, 
is the reason why the people of the north are so 
in stature, so light in complexion, and have straight 
hair, blue eyes, and are full of blood, for they are 
formed by the abundance of the moisture, and 
coldness of their country. Those who live near 
equator, and are exactly under the sun's course, 
owing to its power, low in stature, of dark com- 
L, with curling hair, black eyes, weak legs, deficient 
quantity of blood. And this deficiency of blood 
ces them timid when opposed in battle, but they bear 
[ocoessive heat and fevers without fear, because their 
[limbs are nourished by heat. Those, however, bom in 
'northern countries are timid and weak when attacked by 
fever, but from their sanguineous habit of body more 
courageous in battle. The pitch of the voice is various, 
and of different qualities in different nations. For the 
eastern and western boundaries round the level of the 
earth, where the upper is divided from the under part of 
the world, and the earth appears to be balanced by na- 
ture, are designated by a circle which mathematicians 
eall the horizon ; keeping this circumstance in mind, from 
the edge on the northern extremity, let a line be drawn 
to that above the southern axis, and therefrom another 
in an oblique direction up to the pole near the northern 
stars, and we shall immediately perceive the principle of 
the triangular instrument called by the Greeks a-a/xpvicri. 
Thus the people who live in the region near the lower 
point, that is in the southern part towards the equator, 
from the small elevation of the pole have shrill and high 
toned voices similar to those on the instrument near the 
angle ; next come those whose tone of voice is of lower 
pitch, such as the people in the central parts of Greece. 
Thus, proceeding by degrees from the middle to the 
northern extremity, the voice of the inhabitants gradually 
becomes of lower pitch. Herein we may perceive how 
the system of the world is harmonically arranged, by 
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the obliqtiiiy of the zodiac from the appropriate temf j 
perature of the son. Henoe those who are in 
middle, between the equator and the pole, are 
with a middle pitch of voice, similar to the tones in 
central part of the musical diagram. Advancing to 
northern nations, where the pole is more elevated, 
people, from an increased quantiiy of moisture, natonUlir^ 
possess .lower toned voices, similar to the hypatd nd: 
proslambanomenos. And finally, those nations extendrH 
ing from the middle regions to ^e south have shrill nd 1 
acute voices similar to the tones of paranet^ and netd. ' 
That the tone of the voice is rendered deeper by ihB 
damp nature of a place, and higher by its being of a hot 
nature, may be proved by the following experiment Let 
two vases be selected, both equally baked in a funiBoe, 
of equal weight, and yielding the same tone, and one of 
them be immersed in water and then taken out : let both 
of them be then struck, and a great difference will be 
perceived in the tones they yield, as well as an inequality 
in their weight. Thus it is with the human body ; for 
although all men are bom of the same form, and under 
the same heaven, yet some from the warmth of the 
climate are shrill in voice, and others from a super- 
abundance of moisture have a low tone of voice. So 
moreover, from the clearness of the atmosphere, aided 
also by the intense heat, the southern nations are more 
ready and quick in expedients : but the northern nations, 
oppressed by a gross atmosphere, and cooled by the 
moisture of the air, are of duHer intellect. That this is 
so, may be proved from the nature of serpents, which in 
the hot season, when the cold is dispelled by the heat, 
move with great activity, but in the rainy and winter 
seasons, from the coldness of the air, they become torpid. 
• Hence it is not surprising that man's intellect should be 
sharpened by heat and blunted by a cold atmosphere. 
Though, however, the southern nations arc quick in un- 
derstanding, and sagacious in council, yet in point of 
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lour they are inferior, for the sun absorhs their animal 
its. Those, on the contrary, who are natives of cold 
ites are more courageous in war, and fearlessly at- 
their enemies, though, rushing on without consider- 
or judgment, their attacks are repulsed and their 
jdesigns frustrated. Since then, nature herself has pro- 
fiided throughout the world, that all nations should differ 
•ecording to the variation of the climate, she has also 
leeh pleased that in the middle of the earth, and of all 
nations, the Boman people should be seated ; on this ac- 
coimt the people of Italy excel in both qualities, strength 
of body and vigour of mind. For as the planet Jupiter 
moves through a temperate region between the fiery 
liars and icy Saturn, so Italy enjoys a temperate and 
unequalled climate between the north on one side, and 
the south on the other. Hence it is, that by strata- 
gem she is enabled to repress the attacks of the bar- 
barians, and by her strength to overcome the subtilty of 
southern nations. Divine providence has so ordered it 
that the metropolis of the Eoman people is placed in an 
excellent and temperate climate, whereby they have 
become the masters of the world. Thus, as it is climate 
which causes the variety in different countries, and the 
dispositions of the inhabitants, their stature and qua- 
Hties being naturally dissimilar, there can be no doubt 
that the arrangement of buildings should be suitable to 
the qualities of the nations and people, as nature herself 
wisely and clearly indicates. To the best of my power 
I have made general observations on the properties of 
places as dependent upon nature, and I have given ex- 
planations for adapting buildings to the wants of different 
nations according to the sun's course and the inclination 
of the pole. I shall now, therefore, briefly explain the 
symmetry, as well of the whole, as of the detail of 
private dwellings. 
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CHAPTER II. 

OF THE PROPORTIONS OF PRIVATE BUILDINGS TO 
SUIT THE NATURE OF THEIR SITES. 

Nothing requires the architect's care more than the due 
proportions of buildings. When the proportions are ad- 
justed, and the dimensions found by calculation, then 
it is the part of a skilful man to consider the nature of 
the place, the purpose of the building, and the beauty of 
it ; and either by diminutions or additions to find expe- 
dients, by means of which the appearance may not be 
injured by the additions to, or diminutions of, the esta- 
blished proportions that may be necessary. For an 
object imder the eye will appear very different from the 
same object placed above it ; in an inclosed space, very 
different from the same in an open space. In all these 
matters it requires great judgment to adopt the proper 
means, since the eye does not always form to itself the 
true image of an object, and the mind is often deceived 
by the false impression. Thus in painted scenery, 
though the surface is a perfect plane, the columns seem 
to advance forward, the projections of the mutuli are re- 
presented, and figures seem to stand out. The oars of 
ships, also, though the parts immersed in the water are 
really straight, have the appearance of being broken ; 
those parts only appearing straight which are above the 
level of the water. This arises from the part immersed 
in the water reflecting its image in an undulating state 
up to the surface of the water, through a transparent 
medium, which, being there agitated, gives the oar a 
broken appearance. But whether the sight arises from 
the impression which images make on the eye, or by an 
effusion of visual rays from the eye, as naturalists con- 
tend, it is certain that, in some way or other, the eye is 
often deceived. Since, then, some images are falsely 
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eyed, and others appear different from what they 
7 are, I think it heyond doubt, that, according to 
re and the circumstances of the place, diminutions 
Iditions should be made, so that no defect may be 
xent. To do this, however, is the resxdt of genius, 
the result of learning. The proportion of the sym- 
ies is, therefore, to be first settled, in such manner 
thereon the necessary changes may be made with cer- 
y. Then the length and breadth of the plan of the 
: is to be set out, and the parts thereof; after which, 
proportions are adjusted as propriety requires, so 
the pleasing arrangement may not be disturbed, 
method of effecting this I am now about to describe, 
shall begin with the court (cavsedium). 



CHAPTER m. 

OF COURTS (CAViEDIA). 

RE are five species of courts ; which receive their 
es from their forms. The Tuscan, Corinthian, th6 
•astylon (with four columns), the Displuviatum*(open 
Dp), and the Testudinatum (roofed). The Tuscan 
)dia are those in which the beams across the breadth 
tie court have trimmers (interpensivse) to them, and 
5ys (colliquifle) from the internal angles of the walls 
le angles formed by the junctions of the beams and 
mers. Thus the rain faJls into the middle of the 
t from the eaves of the rafters. In the Corinthian 
edium, the beams and uncovered ncdddle of the court 
ipluvium) are as in the foregoing ; but the beams 
nd are detached from the walls, and rest on columns, 
tetrastyle are those wherein columns are placed un- 
the beams at the angles, which give strength and 
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support to the beams ; for thus they are not so liable to 
sag with their own weight, nor are they loaded by the 
trimmers. The displuviatum is that in which the water 
is carried off above the gutter plates (deliquise), which 
support the body of the roof. These are useful for 
winter apartments, because the compluvium being up- 
right, the light of the triclinia is not obstructed. But 
they are constantly in want of repair; for the pipes 
which receive the water from the eaves being against the 
walls, and not capable of taking, at once, the water which 
should be carried off, it overflows from the check it 
meets, and injures the wood-work and walls in this sort 
of buildings. The roofed court is used when the span 
is not great, and large dwelling-rooms are made in the 
floor over it. 



CHAPTER IV. 

OF COURTS (ATRIA), WINGS OR AISLES (ALiE), THE 
TABLINUM AND THE PERISTYLIUM. 

The length and breadth of courts (atria) are regulated 
in three ways. The first is, when the length is divided 
into five parts, and three of them are given to the width. 
The second, when it is divided into three parts, and two 
are given to the width. The third is, when a square 
being described whose side is equal to the width, 8 
diagonal line is drawn therein, the length of which is to 
be equal to the length of the atrium. Their height, to 
the underside of the beams, is to be one-fourth less than 
the length; the remaining fourth is assigned for the 
proportion of the lacunaria and roof above the beams. 
The widtli of the alee, on the right and left, when the 
atrium is from thirty to forty feet long, is to be one-third 
part thereof. From forty to fifty feet, the length musi 
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be divided into three parts and a half; of these, one is 
given to the alee : but when the length is from fifty to 
sixty feet, a fourth part thereof is given to the alse. 
From sixty to eighty feet, the length is divided into four 
parts and a half, of which one part is the width of the 
ate. From eighty feet to one hundred, the length is 
divided into five parts, and one of them is the true width 
of the alsB. The lintel beams (trabes liminares) are 
placed at a height which will make the breadths and 
heights equal. The muniment room (tablinum), if the 
width of the atrium be twenty feet, is to be two-thirds 
thereof If fi-om thirty to forty feet wide, one-half is 
assigned to the tablinimi. From forty to sixty feet, the 
width is divided into five parts, and two given to the 
tablinimi. The proportions of small atria cannot be the 
I same as those of large ones ; for if the proportions of 
the smaller be used in the greater, the tablinum, as well 
as the alse, would be inconvenient : and if those of the 
larger be used in the smaller, their parts would be large 
and clumsy. I therefore thought it right to describe, 
with precision, their respective proportions, so that they 
might be both commodious and beautiful. The height 
of the tablinum to the beam is one-eighth part moi^ 
than the breadth. The lacunaria are carried up one- 
third of the width higher. The passages (fauces) to- 
wards courts which are on a smaller scale, a^re to be 
one-third less than the width of the tablinum ; but if 
larger, they are to be one-half. The statues, with their 
ornaments, are to be placed at a height equal to the 
width of the alse. The proportions of the height and 
width of doors, if Doric, are to be formed in that me- 
thod: if Ionic, according to the Ionic mode, agreeably 
to the rules given for doors in the fourth book. The 
width of ^ the uncovered part of the atrium (impluvii 
lumen) is not to be less than a fourth nor more than 
one-third of its width ; its length, however, will be 
in proportion to that of the atrium. The cloister (^eri- 



stylimn^ is diagonally one-Hiird part longer than wide. 
'I'he colnmns are to be as high as the width of the por- 
tico; and the intercolumniations of the peristyUa are 
not to be less than three nor more than four diameters 
of the columns. But if the columns of a peristylium 
are of the Doric order, modules are taken, and the 
triglyphs arranged thereby, as described in the fourth 
book. 



CHAPTER V. 

OF TRICLINIA, CECI, EXEDRJS, PINACOTHEC-E AND 

THEIR DIMENSIONS. 

The length of a triclinium is to be double its breadth. 
The height of all oblong rooms is thus regulated : add 
their length and breadth together, of which take one 
half, and it will give the dimension of the height. If, 
however, exediie or CBci are square, their height is 
equal to once and a half their width. PinacothecsB 
(picture rooms), as well as exedrse, should be of large 
dimensions. The Corinthian tetrastyle and Egyptian 
oeci (halls) are to be proportioned similarly to the tri- 
clinia, as above described ; but inasmuch as columns 
are used in them, they are built of larger dimensions. 
There is this difference between the Corinthian and 
Egyptian oecus. The former has a single order of 
columns, standing either on a podium or on the ground, 
and over it architraves and cornices, either of wood or 
plaster, and a semicircular ceiling above the cornice. 
In the Egyptian oecus, over the lower columns is an 
architrave, from which to the surrounding w^l is a 
boarded and paved floor, so as to form a passage round 
it in the open air. Then perpendicularly over the 
architrave of the lower columns, columns one-fourth 
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noaller are placed. Above their arcliiiraves and cor- 
nices ihey are decorated with ceilings, and windows 
•re placed between the upper columns. Thus they 
have the appearance of basilicse, rather than of Co- 
linthiaa triclinia. 



CHAPTER VI. 

OF THE GBEOIAN (ECI. 

(Eci are sometimes constructed differentiy from those of 
Italy; the Greeks call these Kviuajvoi. They face the 
nordi, with a prospect towards the gardens, and have 
doors in the middle. They are of such length and 
breadth that two tables (triclinia) with their accessories 
may stand in them opposite to each other. The windows, 
as well on the right as on the left, are to open like doors, 
so that the verdure may be seen through them whilst 
the guests recline on the couches. The height of them 
is equal to once and a half the width. In these apart- 
ments, convenience must regulate the proportions. If 
the windows are not obscured by high walls adjoining, 
they may be easily contrived. But if any impediment 
occur, either through nearness of adjoining buildings or 
other obstruction, some ingenuity and skill will be re- 
quisite to diminish or increase their established propor- 
tions, so as to produce a pleasing effect not apparentiy 
different therefrom. 
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CHAPTER Vn. 

OF THE PROPER ASPECTS OF DIFFERENT SORTS OF 

BUILDINGS. 

I SHALL now describe how the different sorts of build- 
ings are placed as regards their aspects. Winter triclinia 
and baths are to face the winter west, because the after- 
noon light is wanted in them ; and not less so because 
the setting sun casts its rays upon them, and by its heat 
warms the aspect towards the evening hours. Bed 
chambers and libraries should be towards the east, for 
their purposes require the morning light : in libraries 
the books are in this aspect preserved from decay; those 
that are towards the south and west are injured by the 
worm and by the damp, which the moist winds generate 
and nourish, and spreading the damp, make the books 
mouldy. Spring and autumn triclinia should be towards 
the east, for then, if the windows be closed till the sun 
has passed the meridian, they are cool at the time they 
are wanted for use. Summer triclinia should be towards 
the north, because that aspect, unlike others, is not 
heated during the summer solstice, but, on account of 
being turned away from the course of the sun, is always 
cool, and affords health and refreshment. Pinacothecse 
should have the same aspect, as well as rooms for em- 
broidering and painting, that the colours used therein, 
by the equability of the light, may preserve their bril- 
liancy. 
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(JHAPTEE VIII. 

OF THE FORMS OF HOUSES SXHTED TO DIFFERENT 

RANKS OF PERSONS. 

The aspects proper for each part being appropriated, we 
must determine the situation of the private rooms for 
the master of the house, and those which are for general 
use, and for the guests. Into those which are private 
no one enters, except invited ; such are bed chambers, 
triclinia, baths, and others of a similar nature. The 
common rooms, on the contrary, are those entered by 
any one, even unasked. Such are the vestibule, the 
cavsedium, the peristylia, and those which are for similar 
uses. Hence, for a person of middling condition in life, 
magnificent vestibules are not necessary, nor tablina, 
nor atria, because persons of that description are those 
who seek favours which are granted by the higher 
ranks. Those, however, who have to lay up stores that 
are the produce of the country, should have stalls and 
shops in their vestibules : under their houses they 
should have vaults (cryptee), granaries (horrea), store 
rooms (apothecse), and other apartments, suited rather to 
preserve such produce, than to exhibit a magnificent 
appearance. The houses of bankers and receivers of 
the revenue may be more commodious and elegant, and 
well secured from the attacks of thieves. For advocates, 
and men of literature, houses ought to be still hand- 
somer and more spacious, to suit the reception of per- 
sons on consultations. But for nobles, who in bearing 
honours, and discharging the duties of the magistracy, 
must have much intercourse with the citizens, princely 
vestibules must be provided, lofty atria, and spacious 
peristylia, groves, and extensive walks, finished in a 
magnificent style. In addition to these, libraries, pina- 
cothecse^ and basilicse^ of similar form to those which 



are made for the public use, are to be provided ; for l. 
the houses of the noble, the afibuB of the public, aiu^ 
the decision and judgment of private causes are ofte 
determined. If, therefore, houses are erected, thus 
adapted to the different classes of society, as directed in 
the first book under the head of propriety, there will be 
nothing to reprehend, for they will be suitable to their ^■ 
destination. These rules are no less applicable to coim- 
try than to town dwellings, except that in town the atria 
must be close to the gates, whereas, in the country villa, 
the peristyUum is near Hie entrance, then the atrium, 
with paved porticos round it looking towards the palsestra 
and walk. I have thus briefly described the proportions 
of town residences as I promised. I shall now proceed 
to those of houses in the country, so that they may afford 
the requisite accommodation. 



CHAPTER IX. 

OF THE PROPORTIONS OF HOUSES IN THE COUNTRY. 

First of all the salubrity of the situation must be ex- 
amined, according to the rules given in the first book 
for the position of a city, and the site may be then 
determined. The size of a house should depend on 
the extent of the land attached to it, and its produce. 
The courts and their dimensions will be determined* by 
the number of cattle, and the yokes of oxen employed. 
The kitchen is to be placed in the warmest part of the 
court ; adjoining to this are placed the stalls for oxen, 
with the mangers at the same time towards the fire and 
towards the east, for oxen with their faces to the light 
and fire do not become rough-coated. Hence it is that 
husbandmen, who are altogether ignorant of the nature 
of aspects, think that oxen should look towards no other 
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^^gion than that of the east. The width of the stalls 
should not be less than ten feet, nor more than fifteen ; 
ingthwise, each yoke is to be at least seven feet. The 
laths should be contiguous to the kitchen, for they will 
be then serviceable also for agricultural purposes. The 
press-room should also be near the kitchen, for the 
convenience of expressing the oil from the olive ; and 
near that the cellar, lighted from the north, for if it 
have any opening through which the heat of the sun can 
penetrate, the wine affected by the heat becomes vapid. 
The oil room is to be lighted from the southern and 
wanner parts of the heaven, that the oil may not be 
congealed, but be preserved liquid by means of a gentle 
heat. Its size must be proportioned to the quantity of 
fruit yielded on the estate, and the number of vessels, 
which, if of twenty amphorae (cullearia), are about four 
feet diameter. The press, if worked by levers instead 
of screws, should occupy an apartment not less than 
forty fe^ long, so as to allow room for the revolution of 
the levers. Its width must not be less than sixteen feet, 
which will give ample room to turn and expedite the 
work. If two presses are employed, the width must be 
twenty-four feet. The sheep and goat houses are to be 
constructed so that not less than an area of four feet 
and a half, nor more than six feet, be allotted to each 
animal. The granaries are raised, and must be towards 
the north or east, so that the grain may not heat, but be 
preserved by the coolness of air; if towards other as- 
pects, the weevil, and other insects injurious to com, 
will be generated. The stable, especially in the villa, 
should be in the warmest place, and not with an aspect 
towards the fire, for if horses are stalled near a fire, 
their coats soon become rough. Hence those stalls are 
excellent which are away from the kitchen in the open 
space towards the east ; for when the weather is clear in 
the winter season, the cattle brought thither in the 
morning to feed, may be then rubbed down. The bam, 
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hay-room, meal room, and mill, may be without tlie 
boundaries of the villa, which will be thereby rendered' 
more secure from fire. If villas are required to be 
erected of more magnificence than ordinary, they must be 
formed according to the proportions laid down for to^fii 
houses above described, but with the precautions neces- 
sary to prevent the purposes of a country house being' 
interfered with. Care should be taken that all build- 
ings are well lighted : in those of the country this poiui 
is easily accomplished, because the wall of a neighbour 
is not likely to interfere with the light. But in the city 
the height of party walls, or the narrowness of the situ- 
ation may obscure the light. In this case we shoukl 
proceed as follows. In that direction from which the 
light is to be received, let a line be drawn from the top 
of the obstructing wall, to that part where the light is to 
be introduced, and if, looking upwards along that line, a 
large space of open sky be seen, the hght may be ob- 
tained from that quarter without fear of obstruction 
thereof; but if there be any impediment from beams, 
lintels, or floors, upper lights must be opened, and the 
light tlms introduced. In short, it may be taken as a 
general rule, that where the sky is seen, in such part 
apertures are to be left for windows, so that the building 
may be light. Necessary as light maybe in triclinia and 
other apartments, not less is it so in passages, ascents, 
and staircases, in which persons carrying loads frequently 
meet each other. I have explained to the best of my 
ability tlie arrangement used in our buildings, so that it 
may be clearly known by builders ; and in order that the 
Greek arrangement may be also understood, I shall now 
briefly explain it. 
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CHAPTEE X. 

OF THE AERAJ^GEMENT AND PARTS OF GRECIAN 

HOUSES. 

The Greeks using no atrium, and not building as we do, 
make a passage, of no great breadth, from the entrance 
gate, on one side whereof the stable is placed, and on the 
other the porter's rooms, which immediately adjoin the 
inner gates. The space between the two gates, is, by the 
Greeks called Ovpaypeiov, From this you enter into the 
peristylium, which has a portico on three sides. On that 
side facing the south are two antse, at a considerable dis- 
tance apart, which carry beams, and the recess behind 
them is equal to one-third less than their distance from 
each other. This part is called ^pooras (prostas) by 
some, and by others ^opaoras (parastas). Interior to 
this the great oecus is placed, in which the mistress of 
the family sits with the spinsters. On the right and left 
of the prostas are the bed-chambers, of which one is 
called the thalamus, the other the antithalamus. Bound 
the porticos are the triclinia for common use, the bed 
chambers, and other apartments for the family. This 
part of the building receives the name, of Gynseconitis. 
Adjoining this is a larger house, with a more spacious 
peristyliwn, in which there are four porticos equal in 
height, though that towards the south may have higher 
columns. If a peristylium have one portico higher than 
the rest, it is called a Khodian portico. These houses 
have magnificent vestibules, elegant gates, and the por- 
ticos of the peristylia are decorated with stucco and 
plastering, and with inlaid ceilings. In the porticos to 
the north the cyziceni, triclinia, and pinacothecse, are 
situated. The Hbraries are on the east side, the exedrse 
on the west, and to the south are square oeci, of such am- 
ple dimensions that there is room therein for four tricli- 
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nia and the attendants on them, as well as for the games. 
These oeci are used only for entertainments given to men; 
for it is not the practice with women to recline on a couch 
nt dinner. The peristylimn, and this part of the house, 
is called Andronitis, hecause the men employ themselves 
tlicrcin without interruption from the women. On the 
right and left, moreover, are small sets of apartments, 
ejich having its own door, triclinium, and hed-chamber, 
so that on the arrival of guests they need not enter the 
lieristylium, hut are received in rooms (hospitalia) appro- 
priated to their occupation. For when the Greeks were 
more refined, and possessed greater wealth, they provided 
a sepiu'ate table with triclinia and bed-chambers for their 
guests. On the day of their arrival they were invited to 
dinner, and were afterwards supplied with poultrj', eggs, 
herbs, fniits, and other produce of the country. Hence 
the painters gave the name of Xenia to those pictures 
which represent the presents made to guests. Masters 
of families therefore, living in these apartments, were 
quite, as it were, at homo, being at lihoi-ty to do as 
tlioy i)leased therein, lietwcen the pcristvlium and the 
lodging rooms are passages, which arc called ]MosaulT, 
from tlioir situation between two aulre (halls). By us 
these are called Androncs. But it is remarkable that 
this appellation seems to suit neither the Greek nor Tifttin 
tenns. For the Greeks call the oeci, in wliirli male 
guests are entertained dvSpCives, because the women do 
not enter them. There are other discrepancies similar 
to this, as the xystus, prothjTum, telamones, and otlioi'S 
of that sort : ^•oros, in Greek means a portico of large 
dimensions, in which athletre exercise in the winter 
season : we, on the contraiT, call bv the name of xvsti 
those open walks which the Greeks call -n-cpiBpofju^e^. The 
vestibule in front of a house, by the gates, is called pro- 
thynmi by the Greeks ; we, however, give the name of 
prothynim to that which the Greeks call SuiOvpov (dia- 
thyi-um). We call telamones tliose figures 2)laced for the 
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Biipport of mntali or cornices, but on what account is 
iiot found in history. The Greeks, however, call them 
IrXorrcs (atlantes). Atlas, according to history, is repre- 
sented in the act of sustaining the universe, because he 
18 said to have been the first person who explained to 
maiikind the sun's course, that of the moon, the rising 
SQd setting of the stard, and the celestial motions, by the 
power of his mind and the acuteness of his ifnderstanding. 
Hence it is, that, by painters and sculptors, he is, for his 
exertions, represented as bearing the world: and his 
daughters, the Atlantides, whom we call Vergiliee, and 
the Greeks, HXciaSc?, were honoured by being placed 
ttnong the constellations. I mention these things not to 
induce persons to change the names at this period, but 
that they may be known to philologists. I have explained 
the different arrangement of buildings after the practice 
of the Italians, as well as that of the Greeks, by giving 
the proportions and divisions of each ; and, as we have 
already laid down the principles of beauty and propriety, 
we shall now consider the subject of strength, by which 
a building may be without defects, and durable. 



CHAPTEE XI. 

OF THE STRENGTH OF BUILDINGS. 

N those buildings which are raised from the level of the 
round, if the foundations are laid according to the rules 
iven in the preceding books for the construction of walls 
nd theatres, they will be very durable ; but if under- 
round apartments (hypogea) and vaults are to be built, 
lieir foundations must be thicker than the walls of the 
.pper part of the edifice, which, as well as the pilasters 
nd columns^ must stand vertically ovei \3afi m43ife ^i 
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the foundationB below, so that they may be on the Boiid 
part For if the weight of the walls or the cofaunnfl 
have a false bearing, they cannot last long. It is, mort- 
over, a good practice to place posts undei* the lintdfl, " 
between the piers and pilasters ; for when lintels and 
beams are loaded, they sag in the middle, and canse 
fractures in the work above : but when posts are intro- 
duced and wedged up under them, the beams are pre- 
vented from sagging and being iiyured. Care ateo 
should be taken to discharge the weight of walls by 
arches consisting of wedges concentrically arranged ; for 
if these are turned over beams or lintels, the beim» 
being relieved from the weight, will not sag ; and liben. . 
afterwards it is decayed through age, it may be easily 
replaced, without the necessity of shores. So in bniUr 
ings, which are constructed on piers and arches, conaiBkr 
ing of wedges whose joints are concentric, the outer 
piers should be wider than the others, that they rnxj 
have more power to resist the action of the wedges, 
which, loaded with the weight of the superincumbent 
wall, press towards the centre, and have a tendency to 
thrust out the abutments. But if the outer piers be of 
large dimensions, by restraining the power of the 
wedges they will give stability to the work. Having 
paid due attention to these points, care must next b 
taken, and particularly is it to be observed, that the worl 
be carried up perpendicularly and without inclination ii 
any part. The greatest attention must be bestowed oi 
the lower parts of the walls, which are often damaged b 
the earth lying against them. This is not always of th 
same weight as in summer ; for in the winter seasoi 
imbibing a great quantity of water from the rain, it ir 
creases in weight and bulk, and breaks and extrudes th 
walls. To remedy this evil, the thickness of the wa 
must be proportioned to the weight of earth against i 
and, in front, counterforts (anterides) or buttressc 
(erismse) are carried up with the wall, at a distance froi 
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each other equal. to the height of the fonndations, and of 
the same width as the foundations. Their projection at 
bottom is equal in thickness to the wall, and diminishing 
as they rise, their projection at top is equal to the thick- 
ness of the work : adjoining the inside of the wall, to- 
■wvds the mass of ground, teeth similar to those of a 
saw are constructed, each of which projects from the 
wall a distance equal to the height of the foundations, 
imd their thickness is to he equal to that of the founda- 
tion wall. An extent equal to the height of the founda- 
tions is taken at the outer angles, and marked hy points 
on each side ; and through these a diagonal is drawn, on 
which a wall is carried up, and from the middle of this 
another is attached to the angle of the wall. The teeth 
and diagonal walls heing thus constructed, will discharge 
the weight of earth from the wall, by distributing its 
pressure over a large surface. Thus I have described 
the precautions to he taken at the beginning of a 
bnilding, to prevent defects. The same importance 
does not attach to the roof, with its beams and rafters, 
because if these at any time are found defective, they 
may he easily changed. I have also explained how those 
parts which are not built solid are to be strengthened. 
The quality of the materials it is not in the power of the 
architect to control : for the same species of materials are 
not found in every place ; and it depends on the em- 
ployer whether the building shall be of brick, of rough 
stone, or of squared stone. The merit of every work is 
considered under three heads; the excellence of the 
workmanship, and the magnificence and design thereof. 
When a work is conducted as magnificently as possible, 
its cost is admired ; when well built, the skill of the 
workman is praised ; when beautifully, the merit belongs 
to the architect, on account of the proportion and sym- 
metry which enter into the design. These will ever be 
apparent when he submits to listen to the opinions even 
of workmen, and ignorant persons. For other men, as 



vtD as architects, can digtrngaish the good trom tlia ' 
bid: but betwei?!! the ignorant man aud the architect 
time is this difference, that the first can form no judg- 
amt till he sees the thing itself; nheteoij the architect, 
btring a. pei-feot idea in his mind, can perceive the 
bamty, convenience, and propriety of his design, before 
it il begun. I have laid down as clearly as I could the 
mUm necessary for the construction of prlvtite buildings; 
In Hie following book I shall treat of the metliod of 
fcuAing them, so that they may bo elegant and 

teable. 
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BOOK THE SEVENTH. 



INTRODUCTION. 

The ancients hj means of writing established the wise 
and useful practice of handing down to posterity their 
sentiments on different subjects, so that not only those 
might not be lost, but that by their works continually 
increasing, a gradual 'advancement might be made to the 
highest point of learning. Our obligations to them 
therefore are great and many, from their not having sul- 
lenly kept their knowledge to themselves, but on the 
contrary, having recorded 'their opinions on every sub- 
ject. Had they omitted to do this, we should not have 
known what happened in Troy, nor the sentiments of 
Thales, Democritus, Anaxagoras, Xenophanes, and other 
physiologists respecting the nature of thmgs ; nor the 
system of ethics laid down by Socrates, Plato, Aristotle, 
Zeno, Epicurus, and other philosophers. Of the actions 
of Croesus, Alexander, Darius, and other kings, and the 
principles on which they acted, we should have been un- 
informed, unless the ancients had handed them down to 
posteritj in their writings. As we ate m4a\>\fc4. \ft ^^^> 
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BO we are on fhe eontmy bonnd^to censaxe Humb, yAo, \ 
borrowing fix)m others, p^iUiflhaa their own th^ j 

they are not the aalhors } not leas am they celiMiraiile, 1 
who, distorting the meaning of an anflunr, ghny in iheb 
perversion of it; indeed thej deaeri^ pnnidunenft t* 
their dishonest conduct It is said that this praetioe WM 
strictly punished hj the ancients ; I do not therefine think 
it foreign to the purpose to relate from history the teaolt 
of some examples made. by them. The Attalie- kfaigs, 
stimulated by their great Ioto for philology^ hsring. 
established an excellent public library at Peigamiia» 
Ptolemy, actuated by zeal and great d^ire for 4fae flor- 
therance of learning, collected with no less care» a aimi- * 
lar one for the same purpose at Alexandria, about Hia 
same period. When by dint of gteat labour he had com- 
pleted it, he was not satisfiedt unless, .likethe seed of the 
earth, it was to go on inciBasing. He therefore instn 
tated games to the Muses mod Apollo, andinimitaldan of 
those in which wrestlers contended, he decreed rewards 
and honours to the victorious in literature. These being 
established, when the time of the games arrived, learned 
judges were to be selected for the decisions. The king 
having chosen six, and not readily finding a seyenth» 
applied to those persons who had the care of the library, 
to ascertain whether they knew any one fit for the pur- 
pose. They told him that there was a certain man 
named Aristophanes, who with great labour and applica- 
tion was day after day reading tiirough the books in the 
library. At the celebration of the games, Aristophanes 
was summoned and took his seat among those allotted 
for the judges. The first that contended were the 
poets, who recited their compositions, and the people 
unanimously signified to the judges the piece which 
they preferred. When the judges were required to 
decide, six of them agreed to award the first prize to 
him who had most pleased the multitude, and the 
second prize to some other candidate. The opinion of 
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Aristoplianes being required, he observed that the best 
poet had pleased the people the least. The king and 
the i?hole mnltitade expressed their great indignation at 
this opinion, but he rose and besought that they would 
allow him to speak. Silence being obtained, he told 
them that one only of the competitors was a poet, that 
the others had recited other men*s compositions, and 
that the judges ought not to decide upon thefts but upon 
compositions. The people were astonished, and the 
king in doubt ; but Aristophanes relying on his memory, 
quoted a vast number of books on certain shelves in the 
library, and comparing them with what had been recited, 
made the writers confess that they had stolen from 
them. The king then ordered them to be proceeded 
against for the theft, and after their condemnation dis- 
missed them with ignominy. Aristophanes, however, 
^as honoured with ^at reiards. and appointed libra- 
rian. Some time afterwards Zoilus of Macedonia, who 
assumed the cognomen of Homeromastix, came to Alex- 
andria, and recited before the king his compositions in 
derogation of the Iliad and Odyssey. When Ptolemy 
perceived that the father of poetry and all philology, 
whose works are in esteem throughout all nations, was, 
because out of the reach of reply, abused by this man, 
he was enraged and did not deign to answer him. 
Zoilus, however, remaining some time longer in the 
country, oppressed with poverty, besought the king to 
bestow something on him. The king is said to have 
answered, that Homer, who had been dead more than a 
thousand years, had been the means during that period 
of aflfording a livelihood to thousands ; that he, there- 
fore, who boasted that he possessed greater talent, 
ought to be able to support, not only himself, but many 
other persons. Having been condemned as a parricide, 
his death is variously related. Some have written that 
he was crucified by Philadelphus, some that he was 
stoned at Chios, others that he was burnt alive at 
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Bnqmta. Whicheyer of these cireumstaEiioeB oednaMi le 
richlj deserved it, for that person does not leem to hmfe 
merited a better fate, who reflects on those that mtB. 
beyond the reach of hearing and e]^lainnig what is saii 
of their writings. I, therefore, O Ctesar, do not pnUisli 
this woik, merely prefixing my name to a treatise lAish 
of right belongs to others, nor think of aeqnixiqg refu- 
tation by finding fault with the works of any one. On 
the contrary, I own myself under the highest oUignlloiia 
to all those authors, who by their great ingenaity harre 
at yarious times on different sulgeets, flmiished na wHh 
copious materials ; firom whidt, as from a fomitalQ, eda- 
Yerting them to our own nse, we are enabled to write 
more fully and expediently, and, trusting to whom we are 
prepared to strike out- something new. Thus adheoriag 
to the principles which I found in those of their mnatkn 
adapted to my purpose, I hare eudeavonred to advaoee 
farther. Agatharens, at the time when JBSsohyhis taiig^t 
at Athens the rules of tragic poetry, was the first iirho 
contrived scenery, upon which subject he left a treatise. 
This led Democritus and Anaxagorus, who wrote thereon, 
to explain how the points of sight and distance ought 
to guide the lines, as in nature, to a centre ; so that by 
means of pictorial deception, the real appearances of 
buildings appear on the scene, which, painted on a fiat 
vertical surface, seem, nevertheless, to advance and 
recede. Silenus afterwards produced a treatise on the 
symmetry of Doric buildings ; Theodorus, on the Doric 
\ temple of Jupit er in Samos ; Gtesiphon and Metagenes, 
on that of the Ionic order in the temple of Diana at 
Ephesus. Phileos wrote a volume on the Ionic temple 
of Minerva at Priene, and Ictinus and Carpion on flie 
Doric temple of Minerva at Athens, on the Acropolis ; 
Theodorus Phoceus on the vaulted temple at Delj^ ; 
Philo on the symmetry of temples, and on the arsenal at 
the PirsBus ; Hermogenes on the Ionic pseudodipteral 
temple at Magnesia, and the monoptend one of Fath^M 
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Bteckus at Teos. Argelius wrote on the proportions of 
buildings of the Corinthian order, and on the Ionic 
temple of iBsculapius at Tralles, which he is said to 
have built. Satyras and Phyteus, who were extremely 
fortunate, wrote on the Mausoleum, as did some also 
whose talents have been admired in all ages, and who 
have gained lasting reputation. Each front of it 
was assigned to a separate artist, to ornament and 
thereon try his skill. Those employed were Leochares, 
Bryaxes, Scopas, and Praxiteles; some say that Timo- 
theus was employed. The great art displayed by these 
men, caused this work to be ranked among the seven 
wonders. Besides these, many of less celehrity have 
written precepts on proportions, as Nexaris, Theocydes, 
Demophilos, Pollis, Leonides, Silanion, Melampus, Sar- 
nacus, and Euphranor. Many on mechanics, as Cliades, 
Archytas, Archimedes, Gtesibius, Nymphodorus, Philo 
Byzantius, Diphilus, Democles, Oharidas, Polyidus, 
Phyros, Agesistratus. From the commentaries of these, 
what I thought useM I have thrown together, and that 
the more especially because I ohserve that on this 
branch the Greeks have puhlished much, and our own 
cotmtrymen very litfle. Fussitius, however, and he was 
the first, produced an excellent work on the subject. 
Terentius Varro, in his work on the nine sciences, in- 
cludes one on architecture. Publius Septimius wrote 
two. Besides these, I do not recollect any one that up 
to this time has written, though we have formerly pro- 
duced great architects, and such as were well qualified 
to have written with elegance. In fact the foundations 
of the temple of Jupiter Olympius at Athens were pre- 
pared by Antistates, Callaeschrus, Antimachides and 
Porinus, architects employed by Pisistratus, after whose 
death, on account of the troubles which affected the 
republic, the work was abandoned. About two hundred 
years' afterwards, kin^ Antiochus, having agreed to 
upply the money for the work, a Boman citizen, named 



CoflsatiiiBy designed iniSb. greet skill end taste 4e edit 
the dipteral arrangement of the oolnmns, the eomioai,, 
and other ornaments. This work is not only mdnoieaTly 
^teemed, hat is aoconnted one of the rarest . spamnwimt -.f 
•of magnificence. For in four places only are the tSBBip' 
pies emhellished with work in marUe, and from that 
drcmnstance the plaqes are veiy celebrated, and their 
excellence and admirable contcivance is pleasing to the 
gods themselye^. The first is the temple of Dianm at 
EphesnSy of the Ionic order, built by Otesiplum of 
Gnosns, and his son Metagenes, afterwards completed 
by Demetrios, a priest of Diana, and PaBonioB, the 
Ephesian« The second is the temple of ApoUot at 
Miletus, also of the Ionic order, built by the above* 
named Peeonius, and Daphnis, the Milesian. The third 
is the Doric temple of Oeres and Proserpine, at Elensis, 
the cell of which was built by Ictinus, of 'eztraordinazy 
dimensions, for the greater conyenience of tibe «*iAi4fi^y^^ 
and without an exterior colonnade. This structure, when 
Demetrius Phalereus governed Athens, was turned by 
Philus into a prostyle temple, with columns in front* 
and by thus enlarging the vestibule, he not only pro- 
vided accommodation for the noviciates, but gave great 
dignity to its appearance. Lastly, in Athens it is said 
that Gossutius was the architect of the temple of Jupiter 
Olympius, which was of large dimensions, and of the 
Corinthian order and proportions, as above mentioned. 
From the pen of this man no treatise is extant ; nor is 
it from him alone that such would have been less 
desirable, than from Caius Mutius, who with great 
science, and according to the just rules of art, com- 
pleted the cell, columns, and entablature of the temples 
of Honour and Virtue, near the trophy of Marias, a 
work, which, had it been of marble, and diereby endowed 
with the splendour and richness which the material 
must have added, would have been reckoned among the 
first and most excellent examples. It therefore appears 
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^^ onr country can boast of as great architects as 

Greece herself, many of them even within onr own 

times, but since few have left behind them any treatises, 

I thought it improper to omit any thing, and to treat of 

the different branches in different books. In the sixth 

book I have given rjiles for building private houses ; in 

this, the seventh, I shall describe their finishing, and 

how that is to be rendered both beautiful and durable. 



CHAPTEE I. 

OF PAVEMENTS. 

I SHALL begin with pavements, which are the principal 
of the finishings, and should be executed with the 
gpreatest care and attention to their solidity. If the 
pavement be made on the ground itself, the soil must be 
examined, to ascertain that it is solid throughout, then 
over it is to be spread and levelled a layer of rubbish. 
But if the whole or any part of the earth be loose, it is 
to be made solid with a rammer. In timber floors care 
must be taken that no wall be built under them, so as to 
touch the under side of the floors ; but that a space be 
rather left between them and the floors. For if they be 
made solid, the timber of the floors drying and settling, 
whilst the wall remains in its place, will cause fissures 
in the pavement to the right and left. Care must also 
be taken that holm timber be not used with oak ; for as 
soon as oak becomes damp, it warps, and causes cracks 
in the paveqient. If, however, holm is not to be had, 
and on tha( account it be absolutely necessary to use 
oak, it should be cut very thin, by which means its power 
will be diminished, and it will be more easily fastened 
with the nails. Then through the edges of the boards 
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twonaib are to be drhm into 0?erjr joist 00 fliail il>! 
part of the edges may warp. I do not mentkni'liiB 
ohestimt, beeeh, or the fiiniiis» beeanse neiflier of tkem 
is durable. The fkKnr beiag prepared, fernt if at hand, 
and if not) straw, is to be spread orer % so that'tlie 
timber inaj not be iijiired by the lime. On this is 
placed a layer of stones, each of which is not to be kes 
than will fill a man's hand. These being spread, the 
pavement is laid thereon. If tibe rubbish be new, let 
three parts of it be mixed with one of lime ; but if firom 
old materials, the proportiim is five parts to two of lime. 
It is then laid on, and brought to a solid consistence 
with wooden beaters and the repeated blows of a number 
of men, till its thickness is about three qttarters of a 
foot Over this is spread the upper layer, composed of 
three parts of potsherds to one of lime, of a thickness 
not less than six inches. Over the upper layer thepiisva- 1 
ment is laid to rule and level, whether composed of slabs 
or of tesserse. When laid with their proper inclination, 
they are to be rubbed off, so that, if in slabs, there may 
be no rising edges of the ovals, triangles, squares, or 
hexagons, but that the union of the different joints may 
be perfectly smooth. If the pavement be composed of 
tesserse, the edges of them should be completely smoothed 
off, or the work cannot be said to be well foiished. So, 
also, the Tiburtine tiles, peaked at the points, should be 
laid with care, that there may be neither hollows on 
them, nor ridges, but that they be flat, and rubbed to a 
regular surface. After the rubbing and polishing, marble 
dust is strewed over it, and over that a coat of lime and 
sand. Pavements are, however, more fit to be used in 
the open air, inasmuch as timbers expanding in a moist 
atmosphere, and contracting in a dry one, or sagging in 
the middle, cause defects in the pavement by their settle- 
ments. Moreover, 6t)sts and ice soon ruin them. But 
as they are sometimes required, they must be made as 
follows. Over the first flooring boards, others crossing 
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|rihem» mnstjie laid, fststened with nails ; thus giving a 
doable coyering to the beams. The pavement is com- 
J J posed of two parts of fresh rubbish, one of potsherds, 
' «nd two of lime. After the first layer of rubbish on the 
floor, this composition is spread over it, and pounded into 
a mass not less than a foot thick. The upper layer 
being then spread, as above directed, the pavement, con- 
sisting of tesserse, each about two inches thick, is laid, 
with an inclination of two inches to ten feet : if thus 
executed, and afterwards properly rubbed, it will not be 
liable to defects. In order that the mortar at the joints 
may not suflFer by the frost, at the approach of winter 
every year it should be saturated with the dregs of oil, 
which will prevent the frost affecting it. If extraordinary 
care be required, the pavement is covered with tiles two 
• feet square, properly jointed, having small channels, of 
P; the size of an inch, cut on each edge. These are filled 
jf ■ with lime tempered with oil, the edges being rubbed and 
: pressed together. Thus the lime in the channels grow- 
ing hard, suffers neither water nor anything else to pene- 
trate. After this preparation the upper layer is spread 
and beaten with sticks. Over this either large tesserse 
or angle tiles are laid at the inclination above directed, 
) and work so executed will not be easily injured. 
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CHAPTER II. 
OF TEMPERING LIME FOR STUCCO. 

Havino ^ven the necessary directions in respect of pave- 
ment, we shall explain the method of stuccoing. This 
requires that the lime should be of the best quality, and 
tempered a long time before it is wanted for use ; so 
that if any of it be not burnt enough, the length of time 
employed in slaking it may bring the whole mass to the 



same oonBiiiieiLce.' ' If tlie lime bo not thorongn^^ 

but used fresh, it will when spread throw out blistera, 
from the crude particles it contains, which, in execution, 
taealk and destroy the smoothness of the stucco. When 
the slaking is properly conducted, and care taken in the 
pnipanttion oi' the materials, a liatchet is used, similar 
to lliat wilh which timber is hewn, and the lime is to be 
chopped with it, as it lies in the heap. If the liatchet 
■trikes upon lumps, the lime is not sufficiently slaked, 
Bnd when the iron of the instrument is drawn ont dry 
and clean, it shews that the lime is poor and weak ; but 
ii^ when extracted, the iron exhibits a glutinous sub- 
stance adhering to it, that not only indicates the richness 
and thorough slaking of the lime, but also shews that it 
has been well tempered. The scaffolding being then 
prepared, the compartments of the rooms are executed, 
except the ceUinga be straight. 



CHAPTER in. 

OF STUCCO WORK. 

When arched ceilings are introduced, they must be esfl- 
cuted as follows. Parallel ribs are set up, not more than 
two feet apart : those of cypress are preferable, becanse 
fir is soon injured by the rot and ^e. These ribs being 
got out to the shape of the curve, they are fixed to the 
ties of the flooring or roof, as the case may require, 
with iron nails. The ties should be of wood not liable 
to ii^ury from rot, nor age nor damp, such as box, jum- 
per, olive, heart of oak, cypress, and the like, oonunon 
oak always excepted, which, from its liability to wup, 
causes cracks in the work whereon it is employed. The 
ribs having been fixed, Greek reeds, preyiously braised; 
are tied to them, in the required form, with corda made 
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of Hie Spanish broom. On the upper side of the arch a 
composition of lime and sand is to be laid, so that if any 
water fall from the floor above or from the roof, it may 
not penetrate. If there be no supply of Greek reeds, 
the common slender marsh-reeds may be substituted, 
tied together with string in bundles of appropriate lengthy 
but of equal thickness, taking care that the distance 
from one ligature to another be not more than two feet. 
These are bound with cord to the ribs, as above directed, 
and made fast with wooden pins. All the remaining 
work is to be performed as above described. The arches 
being prepared and interwoven with the reeds, a coat is 
to be laid on the underside. The sand is afterwards in- 
troduced on it, and it is then polished with chalk or 
marble. After polishing, the cornices are to be run 
along the springing : they are to be as. slender and light 
as possible; for, when large, they settle by their own 
weight, and are incapable of sustaining themselves. But 
little plaster should be used in them, and the stuff 
should be of uniform quality, such as marblordust ; for 
tbe> former, by setting. quickly^ does not allow the work 
to dry of one consistence. The practice of the ancients, 
in arched ceilings, is also to be avoided ; for their cor- 
nices are dangerous, from their great projection and 
consequent weight. Some cornices are of. plain, others 
of carved, work. In small private rooms, or where fire 
or many lights are used, they should be plain, to allow 
of being more easily cleaned; in summer rooms, and 
exedrse, where the smoke is in such small quantity that 
it can do no injury, carved cornices may be used ; for 
white works, from the delicacy of their colour, are always 
soiled, not only with, the smoke of the house itself, but 
also with that of the neighbouring buildings. The cor- 
nices being completed, the first coat of the walls is to be 
laid on as roughly as possible, and, while drying, the 
sand coat thereon ; setting it out, in the direction of the 
length, by the rule and square ; in that of the hei^ht^ 
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perpendicularly ; and in respect of tiie angles perfectlj 
square ; inasmuch as plastering, thus finished, will be 
proper for the reception of paintings. When the work 
has dried, a second and afterwards a third coat is laid qxl 
The sounder the sand coat is, the more durable will the 
work be. When, besides the first coat, three sand coats 
at least have been laid, the coat of marble-dust follows ; 
and this is to be so prepared, that when used, it does not 
stick to the trowel, but easily comes away from the iron. 
Whilst the stucco is drying, another thin coat is to be laid 
on : this is to be well worked and rubbed, and then still 
another, finer than the last. Thus, with three sand coats 
and the same number of marble-dust coats, the walls will 
be rendered solid, and not liable to cracks or other de- 
fects. When the stuff is well beaten, and the under 
doats made solid, and afterwards well smoothed by the 
hardness and whiteness of the marble-powder, it throws 
out the colours mixed therein with great brilliancy. 
Colours, when used with care on damp stucco, do not 
fade, but are very durable ; because the lime being de- 
prived of its moisture in the kiln, and having become 
porous and dry, readily imbibes whatever is placed on it. 
From their different natures the various particles unite 
in the mixture, and, wherever applied, grow solid ; and 
when dry, the whole seems composed of one body of the 
same quality. Stucco, therefore, when well executed, 
does not either become dirty, or lose its colour when 
washed, unless it has been carelessly done, or the colour 
laid on after the work was dry : if however executed as 
above directed, it will be strong, brilliant, and of great 
durability. When only one coat of sand and one of 
marble-dust are used, it is easily broken, from its thin- 
ness ; and is not, on that account, capable of acquiring a 
brilliant appearance. As a silver mirror, made from a 
thin plate, reflects the image confusedly and weakly, 
whilst from a thick solid plate it takes a high polish, and 
rejects the image brilliantly and atrongly ; so plastering, 
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vfhesi thin in snbstanee, not only cracks, but soon decays. 
On the contrary, that which is well covered with plaster 
and stucco, and closely laid on, when well polished, not 
only shines, but reflects to the spectators the images 
falling on it. The plasterers of the Greeks thus not only 
m»ke their work hard, by adhering to the above direc- 
tions, but, when the plaster is mixed, cause it to be beaten 
with wooden staves by a great number of men, and use 
it after this preparation. Hence, some persons, cutting 
slabs of plaster from the ancient walls, use them for 
tables ; and the pieces of plaster so cut out for tables 
and mirrors, are, of themselves, very beautiful in appear- 
ance. If stucco be used on timber partitions, which are 
necessarny constructed with spaces between the upright 
and cross pieces, and thence, when smeared with clay, 
liable to sweU with the damp, and when dry to shrink, 
and cause cracks, the following expedient should be used. 
After the partition has been covered with the clay, reeds, 
by the side of each other, are to be nailed thereon with 
bossed naUs ; and clay having been laid over these, and 
another layer of reeds nailed on the former, but crossed 
in their direction, so that one set is nailed upright, and 
the other horizontally; then, as above described, the 
sand and marble coats and finishing are to be followed 
up. The double row of reeds thus crossed on walls pre- 
vents all cracks and fissures. 



CHAPTER IV. 

OF STUCCO WORK IN DAMP PLACES. 

I HAVE explained how plastering is executed in dry situa- 
tions ; now I shall give directions for it, that it may be 
durable in those that are damp. First, in apartments on 
the ground-floor; a height of three feel fionv tikft ^w^ 
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ment is to have its first coat of potsherds, instead of saad, 
so that this part of the plastering may not be injured by 
the damp. But if a wall is liable to continual moisture, 
another thin wall should be carried up inside it, as fer 
within as the case will admit; and between the two 
walls a cavity is to be left lower than the level of the 
floor of the apartment, with openings for air. At the 
upper part, also, openings must be left ; for if the damp 
do not evaporate through these holes above and below, 
it will extend to the new work. The wall is then to be 
plastered with the potsherd mortar, made smooth, and 
then polished with the last coat If, however, there be 
not space for another wall, channels should nevertheless 
be made, and holes therefrom to the open air. Then 
tiles of the size of two feet are placed on one side, over 
the side of the channel, and, on the other side, piers 
are built, of eight inch bricks, on which the angles of 
two tiles may lie, that they may not be more distant 
than one palm from each other. Over them other tiles, 
with returning edges, are £xed upright, from the bot- 
tom to the top of the wall ; and the inner surfaces of 
these are to be carefully pitched over, that they may 
resist the moisture; they are, moreover, to have air- 
holes at bottom, and at top above the vault. They are 
then to be whited over with lime and water, that the 
first coat may adhere to them ; for, from the dryness 
they acquire in burning, they would neither take that 
coat nor sustain it, but for the lime thus interposed, 
which joins and unites them. The first coat being laid 
on, the coat of pounded potsherds is spread, and the 
remainder is finished according to the rules above given. 
The ornaments for polished stuccos ought to be used 
with a regai'd to propriety, suitable to the nature of the 
place, and should be varied in their composition. In 
winter triclinia, neither large pictures nor delicate orna- 
ments in the cornice, under the vault, are to be introduced, 
because they are injured by the smoke of the fire, and 
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of the quantity of lights used therein. In these, above 
the podium, poCshed pannels of a black colour are 
introduced, with yellow or red margins round them. 
The method of finishing plain as well as enriched 
ceilings having been described, it will not be amiss, in 
case any one should wish to know it, to explain the 
construction of the pavements used in the Grecian 
wiirter rooms ; which is not only economical but useful. 
The floor of the triclinium is excavated to the depth of 
about two feet ; and after the bottom is well rammed, a 
pavement of rubbish or potsherds is spread over it, with 
a declivity towards the holes of the drain. A composition 
of pounded charcoal, lime, sand, and ashes, is mixed up 
and spread thereover, half a foot in thickness, perfectly 
smooth and level. The surface being then rubbed with 
stone, it has the appearance of a black pavement. Thus, 
at their banquets, the liquor that is spilt, and the expec- 
toration which falls on it, immediately dry up ; and the 
persons who wait on the guests, though barefooted, do 
not suffer from cold on this sort of pavement. 



CHAPTEK V. 

OF THE USE OF PAENTINO IN BUILDINGS. 

In the other rooms, namely, those for vernal, autumnal, 
and summer use ; in atria also, and peristylia, certain 
kinds of pictures were used by the ancients. Painting 
represents subjects which exist or may exist, such as 
men, houses, ships, and other things, the forms and 
precise figures of which are transferred to their repre- 
sentations. Hence those of the ancients who first used 
polished coats of plastering, originally imitated the 
variety and arrangement of inlaid maxVA)^^. M^j^t^^s.^ 
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the yariely was extended to tiie-coniiees, and the yADV 
and red firames of pannels, from which they pr o e e isft i ' 
to the representations of bmldings, oolnmns, said fts^ 
projections of roofe. In spadioos apartmentSy siicih' U 
eiedrsB, on account of tlidr extoit, thejp deeomted'ite' 
walls with scenery, after the tra^^c, comic or saljrk' 
mode ; and galleries from their extended length, fluj' 
decorated with varied landscapes, the representations of 
p^rtictilar spots. In these they also painted ports, pro* 
montories, the coasts of the sea, riyers, fiyantains, 
straits, groves, mountains, cattle, shepherds, and some- 
times figures representing godi^, and stories, snoih as the' 
Trojan battles, or the wanderings of Ulysses over dif- 
ferent countries, and other sal)}ects, founded on real 
history. But those which were used by the ancients 
are now tastelessly laid aside: inasnmch as monsters 
are painted in the present day rather than objects whose 
prototype are to be observed in nature. For oolumna 
reeds are subsUtated ; for pediments the stalks, leaves^ 
and tendrils of plants ; candelabra are made to support 
the representations of small buildings, from whose 
summits many stalks appear to spring with absurd 
figures thereon. Not less so are those stalks with 
figures rising from them, some witli human heads, 
and others with the heads of beasts ; because similar 
forms never did, do, nor can exist in nature. These new 
fashions have so much prevailed, that for want of com- 
petent judges, true art is little esteemed. How is it 
possible for a reed to support a roof, or a candelabrum 
to bear a house with the ornaments on its roof, or a 
small and pliant stork to carry a sitting figure ; or, that 
half figures and fiowers at the same time should spring 
out of roots and stalks? And yet the public, so far 
from discouraging these falsehoods, are delighted with 
them, not for a moment considering whether such things 
could exist. Hence the minds of l^e multitude, misled 
bjr improper judges, do not discetn that which is founded 
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On reason and the rules of propriety. No pictures 
should be tolerated but those established on the basis of 
truth; and although admirably painted, they should be 
BBmediately discarded, if they transgress the rules of 
propriety and perspicuity as respects the subject. At 
Tndles, a town of Lydia, when Apaturius of Alabanda 
had painted an elegant scene for the little theatre which 
they call itacXria-uujrrjpiov, in which, instead of columns, 
he introduced statues and centaurs to support the episty- 
linm, the circular end of the dome, and angles of the 
pediments, and ornamented the cornice with lions' heads^* 
all of which are appropriate as ornaments of the roofing 
and eaves of edifices ; he painted above them, in the 
episceniiun, a repetition of the domes, porticos, half 
pediments, and other parts of roofs and their orna- 
ments. Upon the exhibition of this scene, which on 
account of its richness gave great satisfaction, every 
one was ready to applaud, when Licinius, the mathe- 
matician, advanced, and thus addressed them : " The 
Alabandines are sufficiently informed in civil matters, 
but are without -judgment on subjects of less moment ; 
for the statues in their Gymnasium are all in the 
attitude of pleading causes, whilst those in the forum 
are holding the discus, or in the attitude of running, 
or playing with balls, so that the impropriety of the 
attitudes of the figures in such places disgraces the 
city. Let us therefore, be careful by our treatment of 
the scene of Apaturius, not to deserve the appellation of 
Alabandines or Abderites ; for who among you would 
place columns or pediments on the tiles which cover the 
Tooh of your houses ? These things stand on the floors, 
not on the tiles. If, then, approbation is conferred on 
representations in painting which cannot exist in fact, 
we of this city shall be like those who for a similar error 
are accounted illiterate." Apaturius dared not reply, 
but took down and altered the scene, so as to make it 
consistent with truth, and then it was approved. O that 
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the gods wonld restore Licinias to life, that he 
correct the f61l7, aad foshionahle inconsistency in 
stucco work. It is not foreign to my purpose to 
how inconsistency overcomes truth. The ancients 
boured to accomplish and render pleasing by dint 
art, that which in the present day is obtained by mem! 
of strong and gaudy colouring, and for the effect whiek ] 
was formerly obtained only by the skill of the artist, a 
prodigal expense is now substituted. Who in former 
F*^mes used minium otherwise than as a medicine ? in 
"•^"^e present age, however, walls are everywhere covered 
with it To this may be added the use of chrysocolla, 
purple, and azure decorations, which, without the aid of 
real art, produce a splendid effect These are so costly, 
that unless otherwise stated in agreements, they are to 
be, by law, charged to the account of the employer. To 
my utmost I have described the means for avoiding de- 
fective plastering, and as lime has previously been 
sufficiently treated of, it now remains to treat of marble. 



• CHAPTEK VI. 

OF THE PRErAEATION OF MARBLE FOR PLASTERING. 

Marble is not alike in all countries. In some places it 
contains pellucid particles, similar to those of salt, which, 
when bruised and ground, impart great solidity to plas- 
tering and cornices. When these are not to be obtained, 
the chips (assulse), as they are denominated, which the 
workers in marble throw off in working, may be substi- 
tuted after being pounded and sifted. They are to be 
separated into three sorts, of which that which contains 
the larger particles, is, as we have above directed, to be 
laid on with the sand and lime : then follows the second 
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eoat, and afterwards, the third which is finer in texture. 
After this preparation, and a careful polishing of the 
work, the colours which it is to receive are to be consi- 
dered, so that they may be brilliant. Their variety and 
tbe method of preparing them will be found in the fol- 
lowing pages. 



CHAPTER VII. 
OF NATURAL COLOURS. 

Some are found in certain places in a native state, and 
thence dug up, whilst others are composed of different 
substances, ground and mixed together, so as to answer 
the same purpose. First we shall explain the nature 
of that which is found native, called by the Greeks 
&XP^' This, as in Italy, is discovered in many places, 
but the best is the Attic sort, which cannot now be 
procured, for in working the silver mines at Athens, if 
by chance they fell upon a vein of ochre, they followed 
it up just as they would one of silver. Hence the an- 
cients used abundance of ochre in their finishings. Red 
ochre is also found in many places, but the best only in 
a few, as at Sinope, in Pontus; in Egypt; in the Balearic 
Islands, near the coast of Spain ; also in Lemnos, the 
revenue of which island the senate and people of Rome 
granted to the Athenians. The Parsetonion takes its 
name from the place where it is dug up. The Melinon 
on a similar account is so called, from its abundance in 
Melos, one of the Cyclades. Green chalk is also found 
in many places ; but the best comes from Smyrna, and is 
called by the Greeks 0€oS6tiov, because Theodotus was the 
owner of the land in which it was first discovered. Or- 
piment, which is called dpo-ei/iicor in Greek, is obtained 
from Pontus, Bed lead is fidso obtdiTi^ ixofov TSkasL^ 
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places, but the best comes from Pontas, near the river 
Hjpanis. In other spots as m the country between the 
borders of Magnesia and Ephesus, it is procured from 
the earth in such a state as to want neither grinding nor 
sifting, but quite as fine as that which is ground and 
pounded by hand. 



CHAPTER Vni. 
OF VERMILION AND QUICKSILVER. 

I SHALL now speak of yermilion. This is said to have 
been first found in the Cilbian fields of the Ephesians, 
and the manner of procuring and preparing it is very 
curious. A clod of earth is selected, which, before it is 
manufactured into vermilion, is called Anthrax, wherein 
are veins resembling iron, but of a red colour, and having 
a red dust round them. When dug up, it is beaten with 
iron bars till a great number of drops of quicksilver 
exude from it ; these are immediately collected by the 
excavators. The clods, when collected in the laboratoiy, 
on account of their gi'eat dampness, are thrown into a 
furnace to dry; and the fimies that rise from them 
through the action of the fire fall condensed on the floor 
of the furnace, and are found to be quicksilver. But as, 
from the smallness of the drops which thus remain, 
they cannot be gathered up, they are swept into a vessel 
of water, in which they run together and reunite. These, 
when they fill a vessel of the capacity of four sextarii, 
weigh one himdred pounds. K quicksilver be placed in 
a vessel, and a stone of a hundred pounds weight be 
placed on it, it will swim at the top, and will, notwith- 
standing its weight, be incapable of pressing the liquid 
so as to break or separate it. If this be taken out, and 
only a single scruple of gold be i^utm,\]b».\. ^^nll not swim, 
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but immediately descend to the bottom. This is a proof 
that the gravity of a body does not depend on its weight, 
but on its nature. Quicksilver is used for many pur- 
poses ; without it, neither silver nor brass can be pro- 
perly gilt. When gold is embroidered on a garment 
which is worn out and no longer fit for use, the cloth is 
burnt over the fire in earthen pots ; the ashes are 
thrown into water, and quicksilver added to them: 
this collects all the particles of gold, and imites with 
them. The water is then poured off, and the residuum 
placed in a cloth: which, when squeezed with the 
hands, suffers the liquid quicksilver to pass through 
the pores of the cloth, but retains the gold in a mass 
within it. 



CHAPTER IX. 

OF THE PEEPAEATION OF VERMILION. 

I NOW return to the preparation of vermilion. When the 
clods are dry, they are pounded and reduced to powder 
with iron beaters, and then, by means of repeated wash- 
ings and dryings, the colour is produced. When this. is 
effected, the vermilion, deprived of the quicksilver, loses 
its natural tenacity, and becomes soft and disconnected ; 
and used in the last coat of the plastering of rooms, 
keeps its colour without fading. But in open places, 
such as peristylia or exedrse, and similar situations 
whereto the rays of the sun and moon penetrate, the 
brilliancy of the colour is destroyed by contact with 
them, and it becomes black. Thus, as it has happened 
to many others, Faberius, the scribe, wishing to have his 
house on the Aventine elegantly finished, coloured the 
walls of the peristylia with vermilion. In the course of 
thirty days they turned to a disagreeable -vmesexL ^Q\ssvtt\ 
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on which acooimt he was obliged to agree with- Ai ' 
contractors to lay on other colours. Those who ni' 
particular in this respect, and are desirous that Aa 
▼ermilion should retain its colour, should, when tti 
wall is coloured and dry, rub it with a hard bnul 
charged with Punic wax melted and tempered with dli 
then, with liye coals in an iron^pan, the wall- should te 
thoroughly heated, so as to melt the wax and make it Ik 
even, and then rubbed with a candle and clean doth, « 
they do marble statues. This practice is called namm 
by the Greeks. The coat of Punic wax preyents the 
effect of the moon's as well as that of the sun's ra;y8 
thereon which injure and destroy the colours in work of 
this nature. The laboratories which were formerly car- 
ried on at the mines in Ephesus are now transferred to 
Bome, on account of mines of the same sort having 
been discovered in some parts of Spain, whence the dods 
are brought and worked by manufacturers at Bome. 
These laboratories are situated between the temples of 
Flora and Quirinus. Vermilion is occasionally adul- 
terated with lime. The following is a method by which 
its goodness may be proved. Let the vermilion be 
placed on an iron plate over the fire, and remain till 
the plate is red hot: when the heat has changed the 
colour, and it appears black, let the plate be removed 
from the fire. If, when cooled, it returns to its original 
colour, it may be considered pure. But if it remain of 
a black colour, it is quite clear that it has been adul- 
terated. I have written all that I remember respecting 
vermilion. ChrysocoUa comes from Macedonia, and is 
foimd in the vicinity of copper mines. Minium and 
indigo, by their names, indicate the places from whence 
they are obtained. 
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CHAPTER X. 

OF ABTinCIAL COLOURS. OF BLACK. 

I HAVE now to speak of those bodies which, from par- 
ticular treatment, change their qualities, and acquire the 
properties of colour; and first, of black, which is much 
employed in diflFerent works, in order that it may be 
known how it is prepared for use. An apartment is 
built similar to a laconicum, plastered with marble stucco, 
and polished. In fi:ont of it is built a famace, which 
communicates with the laconicum ; the mouth of this is 
to be very carefully closed, for the purpose of preventing 
the escape of the flame. Besin is then placed in the fur- 
nace, whose smoke, when the material is set on fire, 
passes by means of communications into the laconicum, 
and therein adheres to the walls and the arched ceiling. 
It is then collected, and some part of it is tempered 
with gum, to make ink for transcribers ; the remainder 
is used by stuccoers in colouring walls, being previously 
mixed with size. But if this cannot be procured, in 
order to prevent delay, the following expedient may be 
adopted. Pine branches or chips must be burnt, and, 
when thoroughly charred, poimded in a mortar with 
size. Thus the plasterer will procure an agreeable black 
colour. A black colour, not less pleasing, is made by 
drying and burning lees of wine in a furnace, and grind- 
ing the*result with size. Indeed, this makes a very 
agreeable black. The better the wine whose lees are 
used, the better will be the black colour ; which will, in 
such case, approach the colour of indigo. 
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CHAPTER XI. 

OF BLUE, AND OF BUBNT YELLOW. 

Blue was first mamifactored at Alexandria, and «&«• 
wards by Yestorius at Puzznoli. The method of making 
it, and the nature of the ingredients, merit our attention. 
Sand is ground with flowers of sulphur, till the mixture 
is as fine as flour, to which coarse filings of Cyprian 
copper are added, so as to make a paste when moistened 
with water; this is rolled into balls with the hand, and 
dried. The balls are then put into an earthen vessel, 
and that is placed in a furnace. Thus the copper and 
sand heating together by the intensity of the fijre, im- 
part to each other their different qualities, and thereby 
acquire their blue colour. Burnt yellow, which is much 
used in stuccos, is thus made. A lump of good yellow 
earth is heated red hot; it is then quenched in^ vinegar, 
by which it acquires a purple colour. 



CHAPTER XIL 

OF WHITE LEAD, VERDIGREASE, AND RED LEAD. 

It will be proper to explain in what manner white lead 
is made, and also verdigrease, which we call eeruca. 
The Rhodians place, in the bottoms of large vessels, a 
layer of twigs, over which they pour vinegar, and on 
the twigs they lay masses of lead. The vessels are 
covered, to prevent evaporation ; and when, after a cer- 
tain time, they are opened, the masses are found changed 
into white lead. Li the same way they make verdi- 
grease, which is called eeruca, by means of ^lat^a of 



^pper. The white lead is roasted in a furnace, and, 
ty the action of the fire, becomes red lead. This inven- 
tion was the result of observation in the case of an 
accidental fire; and, by the process, a much better 
material is obtained than that which is procured from 
mines. 



CHAPTER XIII. 

OF PUBPLE. 

I SHALL now speak of purple, which, above all other 
colours, has a delightful effect, not less from its rarily 
than from its excellence. It is procured from the marine 
shell which yields the scarlet dye, and possesses quali- 
ties not less extraordinary than those of any other body 
whatever. It does not in all places where it is found 
possess the same quality of colour ; but varies in that 
respect according to the sun's course. Thus, that which 
is obtained in Pontus and ip. Galatia, from the nearness 
of those countries to the north, is brown; in those 
between the south and the west, it is pale ; that which 
is found in the equinoctial regions, east and west, is of a 
violet hue ; lastly, that which comes from southern 
countries possesses a red quality : the red sort is also 
found in the island of Rhodes, and other places near the 
equator. After the shells are gathered they are broken 
into small pieces with iron bars; from the blows of 
which, the purple dye oozes out like tears, and is drained 
into mortars and ground. It is called ostrum, because 
extracted from marine shells. Inasmuch as this colour, 
from its saltness, soon dries, it is prepared for use with 
honey. 
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CHAPTER XIV. 

OF FACTITIOUS GOLOUHS. 

PnBPLE colonra are also made by tinging chalk wiOi 
maddef-root nnd liysginum. Divers colours are also 
mode from flowere. Thus, when dyers are desirous of 
imitating the Attic ochre, they put dry violets into a 
vessel, and boil them. When so prepared, they pour 
the contents of the vessel onto a clolh, and, squeezing it 
with thou- hands, receive in a mortar the water thus 
coloured by the violet, and then, mixing Eretrion earth 
with it, and grinding it, the colour of Attic ochre is 
produced. In the same way an excellent purple is 
obtained by preparing vaccinium, and mixing it with 
milk. So also, those who cannot afibrd the uae of 
chi'ysocolla, mix blue with the herb weld, and thus 
obtain a brilliant green. These are called factitious 
colours. On account or the deamess of indigo, Selinu- 
sian chalk, or that used for making rings, is mixed with 
glass, which the Greeks call uoAos; and thus they 
imitate indigo. In this bAok I have explained, as they 
have occurred to me,- the methods of making colours for 
painting, so that they may be durable and appropriate. 
Thus, in seven books, are methodically laid down all 
tiie rules that relate to the perfection and convenience 
of buildings. In the following book I shall treat of water, 
how it is to be found and conveyed to any place ; as also 
how to ascertain its salubrity, and fitness for the par- 
poses to which it is to be applied. 
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INTRODUCTION. 

Thales, the Milesian, one of the seven wise men, 
taught that water was the original cause of all things. 
Heraclitus maintained the same of fire : the priests of llie 
magi, of water and fire. Euripides, a disciple of Anaxa- 
goras, called by the Athenians the dramatic philosopher, 
attributed it to air and earth ; and contended that the 
latter, impregnated by the seed contained in the rain 
falling from the heavens, had generated mankind and all 
the animals on the earth; and that all these, when 
destroyed by time, returned to their origin. Thus, such 
as spring from the air, also return into air, and not 
being capable of decay, are only changed by their disso- 
lution, returning to that element whereof they first 
consisted. But Pythagoras, Empedocles, Epicharmus, 
and other physiologists, and philosophers, maintained 
that there were four elements, air, fire, water, and earth; 
and that their mixture, according to the difference of the 
species, forms a natural mould of different qualities. 
We must recollect, that aot oiiilj i£Oi£L\k<&%^ OvssoL^sci^ak 



are all things generated, bat that they can neither he 
nonriahed, nor f^ow without their assistance. Thus 
bodies cannot live without abundance of air; that is, 
without its being fiimished for inspiration and respirS' 
tion in considerable quantity. So, also, if a body do 
not possess a due proportion of heat, it can neither be 
endued with animal spirits nor a strong constitution, 
nor will the hardness of its food be duly attenuated : 
and if the members of the body are not nourished by 
the fruits of the earth, they will wastB, because deprived 
of the mixture of that element with them. Lastly, 
animals deprived of moistui-e, from want of water dry 
up, and are bloodless and parched. Divine Providence 
has made those things neither scarce nor dear which are 
necessary for mankind, as are pearls, gold, silver, and 
the like, which are neither necessary for the body nor 
nature ; but has diffused abundantly, throughout the 
world, those things, without which the life of mortals 
would be uncertain. Thus, if a body he deficient in 
spirit, the delicieney is suppUed by tlie air. The power 
of the sun, and tlie discovery of fire, are always ready to 
assist us, and render life more certain. The fruits of 
the earth also, furnishing nourishment even to excess, 
feed and support animals continually. Water is of 
infinite utility to us, not only as affording drink, bat for 
a great number of purposes in life; and it is furnished 
to us grattiitousiy. Hence the priests of the Egyptian 
worship teach, that all things are composed of wat«r ; 
and when they cover the vase of water, which is borne 
to the temple with the most solemn reverence, kneelii^ 
on the earth, with their, bands rtused to heaven, they 
return thaokB to divine goodness for its creation. 
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CHAPTEE I. 

OF THE METHOD OF FINDING WATER. 

As it is the opinion of physiologists, philosophers and 
priests that all things proceed from water, I thought it 
necessary, as in the preceding seven hooks rules are laid 
down for huildings, to descrihe in this the method of 
finding water, its different properties, according to the 
varied nature of places, how it ought to he conducted, 
and in what manner it should he judged of ; inasmuch 
as it is of infinite importance, for the purposes of life, 
for pleasure, and for our daily use. This will be easily 
accomplished if the springs are open and flowing above 
ground. If that he not the case, their sources imder 
ground are to be traced and examined. In order to dis- 
cover these, before sunrise one must lie down prostrate in 
the spot where he seeks to find it, and with his chin placed 
on the ground and fixed, look around the place ; for the 
chin being fixed, the eye cannot range upwards farther 
than it ought, and is confined to the level of the place. 
Then, where the vapours are seen curling together and 
rising into the air, there dig, because these appearances 
are not discovered in dry places. We should also con- 
sider the nature of the place when we search for water. 
In clay, the vein of water is small, the supply little, and 
not of the best flavour ; and if in low places, it will be 
muddy and ill tasted. In black earth, only tricklings and 
small drops are found, which, collected from the winter 
rain, subside in compact hard places, and are of very ex- 
cellent flavour. In gravel, the veins are small and variable, 
but they are exceeding well flavoured. In the strong, com- 
mon and red sands, the supply is to be depended on with 
more certainty, and is of good taste. In red stone, abun- 
dance and that of good quality may be obtained, if it do not 
filter away and escape througb. liift "gOTe^, kX. SSsvjb i'^'^N*^^ 



mountainB, and about flinty rocks the supply is copi(Afi 
and abundant ; it is there uold and more wholesome, la. 
chompiiign countries, the springs are salt, gross, tepid, 
and unpleasaBt, except those, which percolating from the 
mountains beneath the sui'face, issue forth in the plaina, 
where, especially when shadowed by trees, they are aa 
delicious as those of the mountains themselws. Besides 
the above signs for ascertaining in what places water may 
be found, are the following : when a place abounds with 
the slender huli'ush, the wild willow, the alder, the withy, 
reeds, ivy, and other plants of a similar sort, which neither 
spring up nor flourish without moisture. For these plants 
usually grow about lalies, which, being lower than, the 
other parts of a country, receive both the rain water and 
that of the district, through the winter, and, from their 
size, preserve the moisture for a longer period. Ou these, 
however, we must not rely. But In those districts and 
lands, no lakes being near, where the plants in questJoc 
grow spontaneously, there we may search. In places 
where i.hose signs do not appear, the foUoiving plan must 
be adopted. Dig a hole three feet square, and at least 
five feet deep, and in it, about sonaet, place a brazen or 
leaden basin, or laiger vessel, if one be at hand. It must 
be rubbed over with oil inside and inverted, and the apper 
part of the excavation is to be covered with reeds or leaves ; 
on these the earth is to be thrown. On the following 
day let it be opened, and if the inside of the vase be 
covered with damp and drops of water, water will be 
there fonnd. If the vase plaoed in the pit be of unbomt 
day, having been covered as before directed, when un- 
covered it will be damp, and perhaps destroyed by the 
moisture. A deece of wool being placed in the same pit, 
if, on the following d»y, water can be expressed from it, 
the existence of water in the place is indicated, and that 
in abundance. Also, if a trimmed lamp full of oil be 
lighted, and placed in the covered pit, and on the fol- 
lowing dajr it be not exhaoBtdd, but atiU letun uncon- 
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snmed, and some of the wick and oil present a humid 
i^pearance, it shows that water will be found there, inas- 
much as heat invariably draws the moisture towards it. 
Moreover, if in such place a fire be made on the ground, 
and the ground, when heated, throw out cloudy. vapours, 
water will be found in it. These experiments having 
been made^ and the requisite indications being manifest, 
a well is to be sunk on the spot ; and if the head of the 
spring be found, many other wells are to be dug round 
about it, and, by means of under-cuttings, connected with 
it so as to concentrate them. The spring-heads, however, 
are chiefly to be sought in mountains and northern dis- 
tricts, because, in those situations, they are generally 
sweeter, more wholesome, and more copious, on account of 
their being sheltered from the rays of the sun, of the trees 
and shrubs in those places being in greater abundance, 
and of the sun's rays coming obliquely on them, so that 
the moisture is not carried off. Valleys in the midst of 
mountains receive a very large proportion of rain, and 
from the closeness of their woods, as well from the 
shade which the trees afford, added to the snow, which 
so long remains on them, allow it to percolate through 
their strata, and thus arrive at the foot of the mountain, 
when, issuing forth, it becomes the source of a river. On 
the contrary, in a champaign country, much water will 
not probably be found; or if it should, it will not be 
wholesome, because the great power of the sun, unob* 
Btructed by shade, attracts and carries off all humidity 
from the plains ; and were even the water to appear, the 
air would attract and dissipate the lightest, subtlest, and 
wholesomest parts, and leave the heaviest, most un* 
pleasant, and most unwholesome in the spring. 



CHAPTER II. 
OF RAIN WATER. 
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Water collected from showers possesses wholesome qnft- 
litiea, because it consists of the lightest and most subtle 
particles of al! springs, which, cleamsed by the action of 
the ftir, and loosened by the tempests, descend npon the 
earth : and the reason why showers do not fall so often 
upon plains as they do on mountains or their vicinity is, 
because the vapours ascending from die earth at sunrise, 
to whatever part of the heavens they incline, drive the 
ftiv before them, and, being in motion, receive ao impetus 
ftom the air which rushes after them. The air rushing 
on, and driving in every direction the vapour before it, 
creates gales, and blasts, and eddies of wind. Hence the 
winds, wherever they travel, extract from springs, rivers, 
marshes, and from the sea, when heated by the sun, 
condensed vapours, which rise and form clouds. These, 
borne up by the winds when they come against the sides 
of mountains, from the shock they sustain, as well as 
from storms, swell, and, becoming heavy, break and dis- 
perse themselves on the earth. The vapours, clouds, 
and exhalations which rise from the earth, seem to 
depend on its retention of intense heat, great winds, 
cold moisture, and its lai^e proportion of water. Thus 
when, from the coolness of the night, assisted by the 
darkness, winds arise, and clouds are formed from damp 
places, the sun, at its rising, striking on the earth with 
great power, and thereby heating the air, raises the 
vapours and the dew at the same time. A corroboration 
of this may he seen in a hot bath ; for it is absurd to 
suppose that there can be a spring above its ceiling ; 
and yet that, when warmed by the heated air from the 
furnace, attracta the moisture from the pavement, 
whence it is carried np to the ■vsmA^.m^ o( Aha <i«Uiagi 
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I Yrhere it hangs. For hot vapours always ascend, and at 
F first, from their lightness, do not fall down, but as soon 
f as condensed, their gravity prevents buoyancy, and they 
drop on the heads of the bathers. In the same manner 
the atmospheric air, when warmed by the sun, raises 
the moisture from all places, and gathers it to the 
clouds : for the earth acted upon by heat, drives out its 
moisture, as heat drives out perspiration from the human 
body. This is manifest from the winds, among which, 
those that blow from the coldest quarters, as the north, 
and the north-east, bring dry and pure air, but the south 
and other winds, which blow from the direction of the 
sun's course, are very damp, and always bring showers 
with them, because they reach us heated by the torrid 
regions, and imbibing vapours from the countries they 
pass over, transport them to the northern quarters. 
That this is the case, is evident from an inspection of 
the sources of rivers, as marked in geographical charts ; 
as also from the descriptions of them, wherein we find 
that the largest, and greatest number are from the 
north. First, in India, the Ganges and Indus spring 
from Mount Caucasus : in Syria, the Tigris and Eu- 
phrates : in Asia, and especially in Pontus, the Borys- 
thenes, Hypanis and Tanais : in Colchis, the Phasis : 
ii^ France, the Rhone : in Belgium, the Rhine : south- 
ward of the Alps, the Timavus and Po : in Italy, the 
Tiber: in Maurusia, which we call Mauritania, the 
river Dyris, from Mount Atlas, which, rising in a 
northern region, proceeds westward to the lake Hep- 
tabolus, where, changing its name, it is called the 
Niger, and thence from the lake Heptabolus, flowing 
under barren mountains, it passes in a southern direc- 
tion, and falls into the Marsh Coloe, which encircles 
Meroe, a kingdom of the southern Ethiopians. From 
this marsh turning round near the rivers Astasoba, 
Astabora, and many others, it passes through mountains 
to the Cataract, and falling down. toN^axds the north it 
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passes between ElephaotJs and Syene and Uie Thebuo 
Fields ill Egypt, where it receives the appellation of the 
Nile. That the source of the Nile is in Mauritania, ia 
oertiiin, because on the other side of the Mount Atlas 
ore other springs whose eourse is towards the westeni 
ocean, in which ore found the ichneumon, the crocodile, 
and other animals and fishes of a similar nature, the 
hippopotamus excepted. Since, therefore, all the lai^e 
known rivers in the world seem to flow from the north, 
and towards the land of Africa, because those are in tha 
southern regions under the sun's course, where there ia 
littlo moisture, and but few springs and rivers, it follows 
that those som-ces which are in the north and north- 
east, ere much better than others, unless thoy run over 
a sulphureous, aluminous, or bituminous soil, for their 
quality is thereby changed, and whether hot or cold, 
their water is then of bad smell and taste. It is not 
that water, by ita nature, is hot, but when cold, it is heated 
by r unn ing over a hot soil, and issues warm from the 
earth through the different pores ; it does not, however, 
long remain in that state, but soon becomes cold; 
whereas, if it were naturally hot, it would not bo soon 
grow cool ; for it does not lose its taste, smell, and 
colour, which, from the purity of its nature, remun 
nnchttnged and discoloored. , 



CHAPTER lU. 

OF THE NATUBE OF TAEIOUS WATERS. 

Thkke ftre some hot springs from which water of an 
oioellent flavour is procured, so pleasant to tiie taste, 
Hut it IB inferior iwitlier to that of the fountains of 
the CamBBDK nor of the Martiui w\afi&M<A.. ^^^k»B«> «a« 
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naturallj so, on the following account. When fire is 
generated under ground, and the soil is heated all 
round, either from abundance of alum, bitumen, or 
sulphur, the hot vapour ascends to the upper parts, and^ 
if there are therein springs of sweet water alffected by 
its spreading through the pores, they grow hot, without 
injury to the flavour. There are also cold springs whose 
smell and taste are bad. These arise in the lower sub- 
terranean places, then pass through hot districts, and 
afterwards continuing their course for a considerable 
distance, are cold when they rise to the surface, and of 
a vitiated taste, smell, and colour. Such is the river 
Albula, in the Tiburtine way : such are the cold foun- 
tains in the lands of Ardea, both of a similar smell, 
which is like sulphur : such, also, are found in other 
places. But these, though cold, seem, nevertheless, to 
boil : for, falling from a high place on to a heated soil» 
and acted on by the meeting of the water and fire, they 
rush together with great violence and noise ; and, appa- 
rently inflated by the violence of the compressed air, 
they issue boiling from the spring. Among them, how- 
ever, those whose course is not open, but obstructed by 
stones or other impediments, are, by the force of the air 
through the narrow pores driven up to the tops of hills. 
Hence, those who think they have found springs at such 
a height as the tops of hills, are mistaken when they 
dig their wells. For as a brazen vase, not filled to the 
brim, but about two-thirds fall of water, with a cover 
thereon, when subjected to the great heat of a fire com- 
municates that heat to the water, this, from its natural 
porosity, receiving the heat and swelling out, not only 
fills the vase, but, raising the cover by the force of the 
steam, increases and boils over. If the cover be taken 
away, the steam passes off to the open air, and tha 
water subsides. In the same manner, when springs 
are forced through narrow channels, the pressure of 
the air drives the bubbles of tkxe i<?«tec \«i >3[^ \rj^\ 
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but OS aoun as tlie^ como into wide open 
the pores of the hquid having vent, it auhaides and 
returns to ita nalttrctl level, AH hot springs are, there- 
fore, medicinal ; because boiling in the soils through 
which they pass, they acquire many virtues. Thua snl- 
pbureous waters restore, by their heat, those suffering 
under nervous complaints, by warming and extracting 
the vitious humoui's of the body. If any member of 
the body, either from paralysis or oilier malady, become 
useless, aluminous waters warm it, and introducing, 
through the open pores, the opposing power of heat, 
restore it, and thus it immediately regains its former 
strength. Bituminous waters, taken inwardly, act as 
purgatives, and are escellent for the cure of inward 
complaints. There is a species of cold nitrous spring 
like that at Puma a city of the Vestini, at Cutilium, 
and other similar places, which, when taken, purges, 
and, in its passage through the hbwels, diminishes 
schrophulous tumours. In those places where gold, 
silver, iron, brass, lead, and other similar substances, 
are excavated, very copious springs are found. These, 
however, are very pernicious. Indeed they produce 
effects contrary to those of the hot springs which emit 
sulphur, alum, and bitumen : for when taken inwardly, 
passing through the intestines, they affect the nerves 
and joints, and produce hard swellings on them. Hence 
the nerves are contracted by the swelling, in the direc- 
tion of their length, and tlius induce the cramp or the 
gout, because the vessels become saturated with 'hard 
gross cold particles. But there is a species of water, 
which, when not clear, haa a foam, like a flower, swim- 
ming on its surface, of a colour similar to that of pniple 
glass. It is known at Athens more paiticularly, and, 
from the places and springs in which it is found, it is 
conducted to the city and to the Pirseus; but, on account 
of the cause above-mentioned, no one driulcs it, though 
it is in use for washing end oti:i%i ^Mx^<i%ea. T\ua^, 
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therefore, to avoid its ill effects, drink the well water. 
The Trcezenians are not able to escape this evil ; for 
they have no other sort of water, except that of Cyb- 
delas. Hence, in their city, all, or at least the greatest 
part, of the inhabitants are affected with diseases in the 
feet. At Tarsus, a city of Cilicia, there is a river whose 
name is Cydnus, in which, if gouty persons steep their 
feet, they receive relief from it. There are, moreover, 
many other sorts of water, which have particular pro- 
perties, as the Himera, in Sicily, which, when it departs 
from its source, is divided into two branches. That 
branch which flows towards iEtna, passing through a 
country of sweet humidity, is exceedingly soft; the 
other, its course being through land where salt is dug, 
has a salt taste. At Parsetonium, also, and on the road 
to the temple of Ammon, and at Casium in JEgypt, 
there are marshy lakes containing so much salt, that it 
congeals on them. In many other places the springs, 
rivers and lakes, which run near salt-pits, are therefrom 
rendered salt. Others, nmning over veins of fat earth, 
issue forth impregnated with oil : as at Soloe, a city of 
Cilicia, a river called Liparis, in which those that swim 
or wash, are, as * it were, anointed by the water. In 
Ethiopia, also, there is a lake which anoints those that 
swim therein ; and in India there is another, which, 
when the sky is clear, emits a great quantity of oil. At 
Carthage there is a spring, on the surface of which 
swims an oil of the smell of cedar dust, with which they 
anoint cattle. In the island of Zacynthus, and about 
Dyrrachium and ApoUonia, are springs which throw up 
a great quantity of pitch with the water. The vast lake 
at Babylon, called the Asphaltic pool, contains floating 
bitumen, with which, and with bricks of baked earth, 
Semiramis built the wall round Babylon. At Joppa, 
also, in Syria, and in Numidian Arabia, are lakes of 
immense size, yielding large masses of bitumen, which 
are taken awaj by the inhabitants of tiie ^iel\%Y^Q>^5ct\lQ^^, 
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This is not, however, surprising ; for in that Bpotthen 
are many quarries of liard bitumeo : benco, when the 
water bursts out from this bituramoue earth, it carriea 
it therewith ; and having come forth, the bitumen ia 
separated from it and depoaited. In Cappadocia, on the 
road between Mazaca and Tuana, there is a considerable 
lake, in which, il' a piece of reed or any other substanco 
be cast, and taken out on the following day, it will be 
found to hare been turned into stone : but the part out 
of water will not have changed its quality. In the same 
manner, at Hierapolis, in Phrygia, a large head of hot 
water boils up, and is conducted by ditches round the 
gardens and vineyards. At the end of a year the ditcbea 
become incmsted witb stone ; and hence, making yearly 
cuts to the right and left, they carry ofl' the incrusta- 
tions, and use tliem for building field walls. This cir- 
cumstance, as it appears to me, would naturally happen, 
if, in these spots, and in the land about, there be a juice 
or moisture whose natuJ-e is similar to that of rennet. 
For then, when this coagulating power issues forth from 
the earth, through the springs, congelation takes place 
by the heat of the sun and air, as is seen in salt-pits. 
Some springs are exceedingly bitt«r, from the bitterness 
of the juices of the earth; as the river Hypanis in 
Pontus, which, for the first forty miles from its 'sonrce, 
is of very sweet flavonr ; bnt at a spot one hundred and 
sixty miles frcan its mouth, a TCiy small spuing falls into 
it, after which the ^ole body of the river becomes 
hitter ; and this because the water flows throi^h that 
sort of earth and veins from whence red lead is pro- 
cured. These different flavours are dependent on the 
quality of the earth, as in the case of fruits. For if tha 
roots of trees, of vines, <»: of other plants, did not 
produce fruit according to the quality of the earth 
and the nature of the moisture, the same sort of fruit 
would, in all places and countries, possess the same 
&iroar. Whereas we see, th«t, in tli^ iftl«m.il of Laaboa 
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the Protyran wine is made, in Mseonia the KaTOKocavficylrri 
(Catakecaumenitan), in Lydia the Melitan, in Sicily the 
Mamertine, in Campania the Falemian, at Terracina 
and Fnndi the Csecuhan; and in many other places a 
vast variety of sorts, of different qualities ; which could 
not he the case, hut that the moisture of the earth, 
penetrating the roots with the particular flavour it pos- 
sesses, nourishes the tree, and, rising to the top of it, 
imparts to the fruit the flavour of the place and species. 
For if the soil and its moisture did not vary, neither 
would the reeds and rushes of Syria and Arabia be odo- 
riferous, and the shrubs yield pepper, frankincense, and 
myrrh, nor would the laser grow only in Cyrene, but in 
all countries and in all places would the same sort of 
plants grow. For the varieties that are found in dif- 
ferent situations and coimtries arise from the different 
climates, and the power of the sun, sometimes at a less 
and at other times at a greater distance ; the effects of 
which are perceived, not only on the moisture of the 
earth, but on cattle and flocks. And these circumstances 
could not occur, if in every country the quality of the 
land did not depend on the sun's power. In Boeotia on 
the rivers Cephisus and Melas, in Lucania on the 
Crathis, in Troy on the Xanthus, and on the springs and 
rivers of the Clazomenians, Erythrseans, and Laodiceans, 
the cattle, about the time of bearing, at the proper season 
of the year, are daily driven to drink ; and though them- 
selves of a white colour, in some places they bring forth 
young of a brown colour, in others of dark brown, and 
in others of a black colour. Thus the property of a 
beverage, when it enters the body, communicates thereto 
its quality, of whatever sort that may be. Hence in the 
plains of Troy, on the banks of its river, from the flocks 
and cattle being yellow, the Trojans are said to have 
called the river Xanthus. Some sorts of water are 
mortal in their effects : these receive their quality from 
the poisonous moisture of the lands through which they 



180 

flow. Such 19 aftid to be the Neptunian spring at Ter- 
racina, of which those who though tlessly drank, lost 
their Uvea ; hence the ancients are said to have stopped 
it up : and in the country of the Cjchri, in Thrace, 
there ia a lake, of which not only those who drink, but 
thoae who bathe therein die. In Theasaly, also, flowa a 
aprin;^ which no cattle will drink, nor even approach : 
near it a shrub grows, which bears a purple liower. So, 
in Macedonia, where Euripides is interred, from tho 
right and left of his tomb two streams unite : on one of 
them travellers usually ha]t to refresh themselves, on ac- 
count of the excellence of the water : no one, however, 
approaches the stream on the other side of the monu- 
ment, because its eflects arc said to be mortal. In 
Arcadia, also, the Nonacrian i-egion contains extremely 
cold water, which drops fi'om the mountains and rocks. 
It is called water of the Styx (ST170S vSiap) ; which neither 
silver, brass, nor iron vessels will hold, because it bursts 
and dcRtroys them. Nothing preserves or contains it 
but the hoof of a mule : indeed it is said to have been 
conveyed, by lolaus the son of Antipater, to the province 
where Alexander was, and to have been the cause of his 
death. In the Cottian Alps is a water which thoae who 
taste instantly die. In the Faliscan territory, on the 
Via Campana, and in the Cornetan division is a grove 
wherein a spring rises, containing bones of snakes, 
lizards, and other reptiles. There are other springs 
whoae water is acid, as are those of the Lyncestis, and in 
Italy, of the Velinus and of the Campana near Theanum, 
and in many other places, which, when drank, have the 
effect of dissolving the stone which forms in the bladder. 
This seems to arise from an acrid and acid moisture 
being under the earth, from which the waters acquire 
their acridity ; and when introduced into the system, 
dissolve that with which they come in contact whether 
generated by deposition or concretion. That acids will 
Mve tbia effect, is clear, from the es<[ieriment on an e'^^_ 
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whose shell, when kept therein for some time, will be 
softened and dissolve. Lead, also, which is very flexible 
and. heavy, if placed in a vessel and covered with acid, 
and there left open, will be dissolved, and become white 
lead. In the same way brass which is more solid by 
nature, if treated in the same way, will dissolve, and be- 
come verdigrease ; and even pearls and flint stones, 
which neither iron nor fire can destroy, when submitted 
to its action, are dissolved and dissipated by an acid. 
With these facts before our eyes, we may fairly argue, 
that calculous disorders may be cured by acids, on ac- 
count of their acridity. Some springs appear to be 
mixed with wine ; as that in Paphlagonia, which, when 
taken, inebriate as wine. At -^qui, in Italy, and in the 
territory of the MeduUi on the Alps, there is a species 
of water, the use of which produces swellings of the 
neck. In Arcadia, at the well-known city of Clitorium, 
is a cave flowing with water, of which those who drink 
become abstemious. At the spring is an epigram in- 
scribed on stone, in Greek verses, to the following 
effect : that it is not fit for bathing, and also that it is 
injurious to the vine, because, near the spot, Melampus 
cured the daughters of Proetus of their madness, and re- 
stored them to reason. The epigram is as follows : 

Eustic, by Clitor's stream who tak'st thy way, 
Should thirst oppress thee in the noon of day 
Drink at this fount, and in the holy keep 
Of guardian Naiads lead thy goats and sheep. 
But dip not thou thy hand, if wine inflame, 
Lest e*en the vapour chill thy fever* d frame ; 
Fly thou my sober spring. Melampus here 
Cleansed the mad Proetides : what time the seer 
Arcadia's rugged hiUs from Argos sought. 
With purifying power my stream was fiuught. 

There is also in the island of Chios, a fountain, of which 
tliose who imprudently drink become foolish ; and there- 
oyey is incribed an epigram to tte fo\\G^«m% ^-vor^^^^.N 



that though the water of the fountftin might ho plensntit 

to the taste, yet hewho drank of it would lose his aenaes. 
The llnea are thus : 

SwBot drop^ of Dooling dranght tlia epring Huppli* 
But whoso dtioks, bis reaaon petrifiea 

At Snsa, the capital of Persia, there is a foimtain at ^rtiich 
those who drink lose their teeth. On this also is writ- 
ten an epigram, stating that the water was excellent for 
washing, bnt that if drank it caused the teeth to fall out 
of their sockets. The verses are as follow : 

A dreaded epring jon Bee, 

Yt^C if their hands, good etraugcr. 
Folks cbonse to trasb, tbej're free 
To do BO without danger ; 
^^ Bnt if fWim yonr toQgne'B tip, ^^^i 

^B Just pusBiag fKiu the Up ^^^^t 

^B Into jTiiiT hollow- venter, ^^^^| 

Tbis liqtinr pure should enter, ^^^^ 

Yonr t4>olB for iDuncbing meat 

Straigbt on the ground will tumble. 
And leave their empty seat 
Witb toothless jaws to mumble. 



CHAPTER IV. 

OF THE QUALITIES OP WATERS IN CERTAIN PLACES. 

The quality' of the water, in some places, is such, that it 
gives the people of the country an excellent voice for 
singing, as at Tarsus, Magnesia, and other countries. 
In Africa there is a city called Zama, which king Juba 
surrounded with double walls, and built a palace there ; 
Mhoat twenty miles from which, is the town of Ismoc, 
whose territory is of vast extent. "V^icro^ k.fcK,tt.'wOQ» 
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nursing mother of wild animals, and especially of ser- 
pents, in that territory none breed, and if any are 
brought there they immediately die ; and if earth from 
this place, be removed to another, it has the same effect. 
This sort of earth is also found in the Balearic Isles, 
•where, as I have heard, it has even a more extraordinary 
quality. C. Julius, the son of Masinissa, to whom the 
town and territory belonged, foug(ht under Csesar the 
elder. Lodging in my house, our daily intercourse led 
us to discuss subjects of philology. On an occasion 
talking on the power of water and its virtues, he assured 
me that in the above territory there were springs of the 
same sort, and that persons bom there had excellent 
voices for singing; and that on this account persons 
went to the transmarine market to buy male and female 
slaves, whom they coupled for the purpose of procuring 
progeny, not only of excellent voice, but of great beauty. 
Thus has nature exhibited variety in all things, except 
the human body, which in every instance consists of 
earth ; but therein are many sorts of fluids, as blood, 
milk, perspiration, urine, and tears. Wherefore, if in so 
small a portion of earth such variety exists, it is not sur- 
prising, that in the whole world an infinite variety of 
liquids are found, through whose veins a spring of water 
passing, becomes impregnated with their quality before 
arriving at its head. Hence exist so many fountains of 
different sorts, arising, as well from the diversity of their 
situations, as from the quality of the countries, aiid the 
properties of the soils. Of some of these things I have 
been an eye-witness; of others I have read in Greek 
books, whose authors are Theophrastus, Timseus, Posi- 
donius, Hegesias, Herodotus, Aristides, and Metrodorus, 
who, with the greatest care and accuracy have described 
how the properties of places and the virtues of different 
waters, depend on the various climates of the earth. 
From these I have borrowed and copied into this book 
all that I thought necessary respecting \ii^ N«c\ftX\ft?e» ^1 



water, whereby, irom the directions given, persona can 

more reodiij choose springs from wbiili they may conduct 
water to cities and stutea, inasmuch m nothing is more 
necessary thnn water, tor such is the nature of alt 
animals, that if they do not )eceive a supply of grain, 
they can subsist on fruits, flesh, or fish, or something of 
those aortfi ; but without water, neither the body of an 
animal, nor even food itself can be raised, preserved, nor 
provided. The utmost diligence and labour, therefore, 
should be used in choosing springs, on which the health 
of mankind depends. 



OF THE MEANS OF JUDGING OF WATEE. 

The trial and proof of water are mnde ns follows. If it 
be of an open and running stream, before we lay it on, 
the shape of the hmbs of the inhabitants of the neigh- 
bourhood should be looked to and considered. If they 
are strongly formed, of fresh colour, with sound legs, 
and without blear eyes, the supply is of good quality. 
Also, if digging to a fresh spring, a drop of it be thrown 
into a Corinthian vessel made of good brass, and leave 
no stain thereon, it will be found excellent. Equally 
good that water will be, which, after boiling in a caul- 
dron, leaves no sediment of sand or clay on the bottom. 
So if vegetables are quickly cooked over the fire in a 
vessel full of this water, it shows that the water is good 
and wholesome. Moreover, if the water itself, when in 
the spring is limpid and transparent, and the places 
over whieVli runs do not generate moss, nor reeds, nor 
other filth bejnear it, every thing about it having a clean 
appearance, it will be manifest by these signs, that such 
trater is light and exceedingly wholesome. 
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CHAPTER VI. 

OF LEVELLING, AND THE INSTRUMENTS USED FOR 

THAT PURPOSE. 

I SHALL now describe how water is to be conveyed to 
houses and cities, for which purpose levelling is ne- 
cessary. This is performed either with the dioptra, the 
level (libra aquaria), or the chorobates. The latter in- 
strument is however the best, inasmuch as the dioptra 
and level are often found to be incorrect. The choro- 
bates is a rod about twenty feet in length, having two 
legs at its extremities of equal length and dimensions, 
and fastened to the ends of the rod at right angles with 
it; between the rod and the legs are cross pieces fas- 
tened with tenons, whereon vertical lines are correctly 
marked, through which corresponding plumb lines hang 
down from the rod. When the rod is set, these will 
coincide with the lines marked, and show that the in- 
strument stands level. But if the wind obstructs the 
operation, and the lines are put in motion, so that one 
cannot judge by them, let a channel be cut on the top 
of the rod five feet long, one inch wide, and half an inch 
high, and let water be poured into it ; if tlie water touch 
each extremity of the channel equally, it is known to be 
level. When the chorobates is thus adjusted level, the 
declivity may be ascertained. Perhaps some one who 
may have read the works of Archimedes will say that a 
true level cannot be obtained by means of water, because 
that author says, that water is not level, but takes the 
form of a spheroid, whose centre is the same as that of 
the earth. Whether the water have a plane or sphe- 
roidal surface, the two ends of the channel on the rod 
right and left, when the rod is level, will nevertheless 
sustain an equal height of water. If it be inclined to- 
wards one side, that end which is higheBt ^\IL TiQi\» ^x^SSsst 
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£e water' to reach to the edge of the cGannel OB tl 

rule. HencG it follows, that though water poured in 
may have a swelling and curve in the middle, yet its ex- 
tremities to the right and left will be level. The figure 
of the chorobates will be given at the end of the book. 
If there be much fall, the water will be easily conducted, 
hut if there he intervals of uneven ground, use mus^^, 
made of substructions. 



CHAPTER VII. 

OF CONDUCTING WATER. 



I 



Water is conducted in three ways, either in streams by 
means of channels built to convey it, in leaden pipes or 
in earthen tubes, according to the following rules. If in 
channels, the structure must be as solid ns possible, and 
the bed of the channel must have a fall of not less than 
half a foot to a length of one hundred. These channels 
are arched over at top, that the sun may strike on the 
water as little as possible. When they are brought home 
to the walls of the city a reservoir (castellum) is built, 
with a triple cistern attached to it to receive the water. 
In the reservoir are three pipes of equal sizes, and so con- 
nected that when the water overflows at the extremities, 
it is discharged into the middle one, in which ore placed 
pipes for the supply of thepools and fountains : in the 
second those for the supply of the baths, thus affording a 
yearly revenue to the people: in the third, those for the 
supply of private houses. This is to be so managed that 
the water for public use may never be deficient, for that 
cannot be diverted if the mains from the heads are 
rightly constructed. I have made this division in order 
that the rent which is collected from private individuals 
who are supplied with water, may be applied by the col- 
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lectors to the maiiitenaiice of the aqueduct. If hills 
intervene between the city walls and the spring head, 
tunnels under ground must be made preserving the fall 
above assigned; if the ground cut through be sandstone 
or stone, the channel may be cut therein, but if the soil 
be earth or gravel, side waUs must be built, and an arch 
turned over, and through this the water may be con- 
ducted. The distance between the shafts over the tun- 
nelled part is to be one hundred and twenty feet. If 
the water is to be brought in leaden pipes, a reservoir is 
first made near the spring, from whence to the reservoir 
in the city, pipes are laid proportioned to the quantity of 
water. The pipes must be made in lengths of not less 
than ten feet : hence if they be one hundred inches 
vnde (centenarise), each length will weigh twelve hun- 
dred pounds ; if eighty inches (octogenarise), nine 
hundred and sixty pounds; if fifty inches (quinqua- 
genarise), six hundred pounds ; if forty inches (quadra- 
genarise), four hundred and eighty pounds; if thirty 
inches (tricenarise), three hundred and sixty pounds ; if 
twenty inches (vicenarise), two hundred and forty pounds ; 
if fifteen inches (quinumdenum), one hundred and eighty 
pounds ; if ten inches (denum), one hundred and twenty 
pounds ; if eight inches (octonum), ninety-six pounds ; 
if five inches (quinariae), sixty pounds. It is to be ob- 
served that the pipes take the names of their sizes from 
the quantity of finches in width of the sheets, before 
they are bent round : thus, if the sheet be fifty inches 
wide, before bending into a pipe, it is called a fifty-inch 
pipe ; and so of the rest. An aqueduct which is made 
of lead, should be thus constructed ; if there be a 
proper fall from the spring head to the city, and hills 
high enough to cause an impediment do not intervene, 
the low intervals must be brought to a level by means of 
substructions preserving the fall directed for channel 
aqueducts, or by means of a circuitous course, provided 
it be not too much about ; but if thete \ift \QtL% ^^'s^'s*^ 
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let it be laid according to the slope of Qie hiir, i 
it arrives at the botti>m, let it be carried level by means 
of a low substruction as greitt a distance aa possible ; 
this is the part called the venter, bj the Greeks icoiAia ; 
when it arrives at the opposite acclivity, the water therein 
being but slightly sweUed on aceoiint of t!ie length of 
the venter, it may be directed upwards. If the venter 
were not made use of iu valleys, nor the level Bubslnie- 
tion, but instead of that the aqoeduct were bi-onght to 
an elbow, the water would burst and destroy the joints 
of the pipes. Over the venter long stand pipes shonld 
be placed, by means of which, the violence of the air 
may escape. Thus, those who have to conduct water 
through leaden pipes, may by these rules, excellently 
regulate its descent, its circuit, tbe venter, and the com- 
pression of the air. It will moreover be espedieut, when 
the level of tlie fiill from the spring is obtained, to build 
reservoirs at distances of twenty thousand feet from each 
other, because if Jiuuaf^e occur to any part, it will not 
then be necessary to take the whole work to pieces, and 
the defective places will be more easily found. These 
reservoirs, however, are not to be made on a descent, 
nor on the venter, nor on a rise, nor, generally speak- 
ing, in valleys, but only on plains. But if the water 
must be conveyed more economically, the following means 
may be adopted. Thick earthen tubes are to be pro- 
vided, not less than two inches in tliickness, and tongued 
at one end, so that they may fit into one another. The 
joints are then to be coated with a mixture of quick lime 
and oil, and in the elbows made by the level part of the 
venter, instead of the pipe, must be placed a block of 
red stone, which is to be perforated, so that the laet 
length of inclined pipe, as well as the first length of 
the level part may be received into it. Then, on the op- 
posite side, where the acclivity begins, the block of red 
stone receives the last length of the venter, and the 
Jjrst length of the rising pipe. Thus adjusting the 
direction of the tubes, hotli ui ^6 iewMmW mA- *c^-u- 
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tiies, the work will never be dislodged. For a great rush 
of air is generated in an aqueduct, strong enough to 
break even stones, unless the water is softly and spar- 
ingly let down from the head, and unless in elbows or 
bending joints it be restrained by means of ligatures, or 
a weight of ballast. In other respects it is similar to 
one with leaden pipes. When the water is first let down 
from the head, ashes are put in which will stop those 
joints not sufficiently coated. Earthen pipes have these 
advantages, first as to the work ; next, that if damaged 
any one can repair it. Water conducted through earthen 
pipes is more wholesome than that through lead ; indeed 
that conveyed in lead must be injurious, because from it 
white lead is obtained, and this is said to be injurious to 
the human system. Hence, if what is generated from it 
is pernicious, there can be no doubt that itself cannot be 
a wholesome body. This may be verified by observing 
the workers in lead, who are of a pallid colour ; for in 
casting lead, the fumes from it fixing on the difierent 
members, and daily burning them, destroy the vigour of 
the blood ; water should therefore on no account be con- 
ducted in leaden pipes if we are desirous that it should 
be wholesome. That the flavour of that conveyed in 
earthen pipes is better, is shown at our daily meals, for 
all those whose tables are furnished with silver vessels, 
nevertheless use those made of earth, from the purity of 
the flavour being preserved in them. If there be no 
springs from which water can be obtained, it is necessary 
to dig wells, on which every care is to be bestowed, and 
the utmost ingenuity and discretion used in the examina- 
tion of the natural indications of the circumstances there- 
about, inasmuch as the different sorts of soil which are 
met with, are many and various. That, like every other 
body, is composed of four elements ; first of earth itself; 
water, whence are the springs; heat, whence sulphur, 
alum, and bitumen are generated ; and air, whence arise 
great vapours, which, piercing through th^ ^qy^% ta tX:^^^ 
opening of wells, strike upon the exGaN^Xjcix^ «sA 'e»\iSa^'«^ 



them by their natural iuflnence, 80 that those who do 
uot immediately escape lose their lives. To avoid this 
the following method may be adopted ; a liglited lamp 
must be lowered ; if it continue to burn, a mao may 
Bafely descend, but if the strength of tlie vapour ex- 
tinguish it, then to the right and left of the well let air 
holes be dug, so that as it were through nostrils, the va- 
pour may pass oS. When this is done and we come U> 
water, the well must he lined with a wall, but in such a 
manner as not to shut out the springs. If the soil be 
hard, and there be no veins of water found at the bottom, 
we must then have recourse to cisterns made of cement, 
in which water is collected from roofs and other high 
places. The cement is thus compounded; in the first 
place, the purest and roughest snnd that can be had is to 
beprocured; then material must be preparedof broken flint 
whereof no single piece is to weigh more than a pound, the 
lime must be very strong, and in making it into mortar, 
five parts of sand are to be added to two of lime, the flint 
work is combined with the mortar, and of it the walls in 
the excavation are broi^ht up from the bottom, and 
shaped by wooden bars covered with iron. The walls 
being shaped, the earth in the middle is to be thrown 
out as low as the foot of the walls, and when levelled, 
the bottom is to be covered with the same materials to 
the requisite thickness. If these receptacles are made 
in two or three divisions, so that the water may be 
passed from one to another, it will be more wholesome 
for use ; for the mud in it will be thus allowed to sub- 
side, and the water will be clearer, preserve its flavour, 
and be free from smell ; otherwise it wiU be necessary to 
use salt for purifying it In this book I have explained 
to my utmost ability the virtues and varieties of waters, 
their use and conveyance, and how their goodness may 
be ascertained; in the following book I intend to de- 
scribe the principles of gnomonics and the rules of 
diallinf^. 
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INTRODUCTION. 

The ancestors of the Greeks held the celebrated wrest- 
lers who were victors in the Olympic, Pythian, Isthmian 
and Nemean games in such esteem, that, decorated with 
the palm and crown, they were not only publicly thanked, 
but were also, in their triumphant return to their 
respective homes, borne to their cities and countries 
in four horse chariots, and were allowed pensions for 
life from the public revenue. When I consider these 
circumstances, I cannot help thinking it strange that 
similar honours, or even greater, are not decreed to those 
authors who are of lasting service to mankind. Such 
certainly ought to be the case ; for the wrestler, by 
training, merely hardens his own body for the conflict ; 
a writer, however, not only cultivates his own mind, but 
affords every one else the same opportunity, by laying 
down precepts for acquiring knowledge, and exciting the 
talents of his reader. What does it signify to mankind, 
that Milo of Crotona, and others of this class, should 
have been invincible, except that whilst living they were 
ennobled by their fellow countrymen? Otl >i!DL<^ ^S5d.^t 
hand the doctnnes of Pythagoras, "Dem.oct\\7Qk&, '^^s6^ft^ 



Aristotle, and other sages, the resnlt of their daily appli- 
cation, and imdeviating industry, still continue to yield, 
not only to their own country, but to all nationa, fresh 
and luscious fruit, and they, who from an early age are 
satiated therewith, acquire the knowledge of true sd- 
ence, civilize mankind, and introduce laws and justice, 
without which no state can long exist. Siwce, therefore, 
individuals as well as the public are so indebted to these 
writers for the benefits they enjoy, I think them not 
only entitled to the honour of palms and crowns, but 
even to be numbered among the gods. I shall produce 
in illustration, some of their discoveries as examples, 
out of many, which are of utility to mankind, on the ex- 
hibition whereof it must be granted without hesitation 
that we are bound to render them our homage. Tb« 
first 1 shall produce will be one of Plato, which will be 
found of the greatest importance, as demonstrated by 



OF THE METHOD OF DOUBLING THE AREA OF A 

SQUARE. . 

If there be an area or field, whose form is a square, and 
it is required to set out another field whose form is also 
to be a square, but double in area, as this cannot be ac- 
complished by any numbers or multiplication, it may be 
found exactly by drawing lines for the purpose, and the 
demonstration is as follows. A square plot of ground 
t«n feet long by ten feet wide, contains an hundred feet ; 
if we have to double this, that is, to set out a plot also 
square, which shall contain two hundred feet, we must 
£nd the length of a side of this equare, so that its area 
may be double, that is two 'kimiifti. feftV ■£■3 ^raa^wt* 
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this cannot be done ; for if the sides are made fourteen 
feet, these multiplied into each other give one hundred 
and ninety-six feet ; if fifteen feet, they give a product of 
two hundred and twenty-five. Since, therefore, we can- 
not find them by the aid of numbers, in the square of 
ten feet a diagonal is to be drawn from angle to angle, so 
that the square may tnereby be divided into two equal 
triangles of fifty feet area each. On this diagonal 
another square being described, it will be found, that 
whereas in the first square there were two triangles, each 
containing fifty feet, so in the larger square formed on 
the diagonal there will be four triangles of equal size and 
number of feet to those in the smaller square. In this 
way Plato showed and demonstrated the method of 
doubling the square, as the figure appended explains. 



CHAPTER 11. 

OF THE METHOD OF CONSTRUCTING A BIGHT 

ANGLED TRIANGLE. 

Pythagoras demonstrated the method of forming a 
right angle without the aid of the instruments of arti- 
ficers : and that which they scarcely, even with great 
trouble, exactly obtain, may be performed by his rules 
with great facility. Let three rods be procured, one 
three feet, one four feet, and the other five feet long : 
and let them be so joined as to touch each other at their 
extremities ; they \f ill then form a triangle, one of whose 
angles will be a right angle. For if, on the length of 
each of the rods, squares be described, that whose length 
is three feet will have an area of nine feet ; that of four, 
of sixteen feet; and that of five, of twenty-five feet : so 
that the number of feet contained in the two areas of the 
Bqusure of three and four feet added. \A^e\ke;t)^^ ^^^ 
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to those contained in the aqnare, whose side is five fert. 
When PythugoraB discovei'ed this property, convinced 
that the Muses had assisted him in the discovery, he 
cviimed his gratitude to tliom by sacrifice. This propo- 
aitiou is aen-ieeable on many occasions, particularly in 
measuring, no less than in setting out the staircases of 
buildings, so that each step may have its proper height. 
For if the height from the pavement to the floor above 
be divided into three parts, five of those parts will be the 
exact length of the inclined line which regulates the 
blocks of which the steps ore formed. Four parts, each 
equal to one of the three into which the height from the 
pavement to the floor wns divided, are set off from the 
perpendicular, for the position of the first or lower step. 
Thus the uiTungement and ease of the flight of stairs 
will be obtained, as the figure will show. 



CHAPTER III. 



Thodoh Archimedes discovered many curious matters 
which evince great intelligence, that which I am about 
to mention ia the most extraordinary. Hiero, when be 
obtained the regal power in Syracuse, having, on the 
fortunate turn of his affairs, decreed a votive crown of gold 
to be placed in a certain temple to the immortal gods, 
commanded it to be made of great value, and assigned 
an appropriate weight of gold to the manufacturer. He, 
in dne time, presented the work to the king, beautifully 
wrought, and the weight appeared to correspond with 
that of the gold which had been assigned for it. Bat a 
report having besn circnlated, &B!b oome oi ^^ %(A4.b^ 
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been abstracted, and tbat tbe deficiency thus caused had 
been supplied by silver, Hiero was indignant at the 
fraud, and, unacquainted with the method by which the 
theft might be detected, requested Archimedes would 
undertake to give it his attention. Charged with this 
commission, he by chance went to a bath, and being 
in the vessel, perceived that, as his body became im- 
mersed, the water ran out of the vessel. Whence, 
catching at the method to be adopted for the solution of 
the proposition, he immediately followed it up, leapt 
out of the vessel in joy, and returning home naked, 
cried out with a loud voice that he had found that of 
which he was in search, for he continued exclaiming, in 
Greek, evftrjKa, (I have found it out). After this, he is 
said to have taken two masses, each of a weight equal 
to that of the crown, one of them of gold and the other 
of silver. Having prepared them, he filled a large vase 
with water up to the brim, wherein he placed the mass 
of silver, which caused as much water to run out as 
was equal to the bulk thereof. The mass being then 
taken out, he poured in by measure as much water as 
was required to fill the vase once more to the brim. By 
these means he found what quantity of water was equal 
to a certain weight of silver. He then placed the mass 
of gold in the vessel, and, on taking it out, found that 
the water which ran over was less, because, the mag- 
nitude of the gold mass was smaller than that con- 
taining the same weight of silver. After again filling 
the vase by measure, he put the crown itself in, and dis- 
covered that more water ran over then than with the 
mass of gold that was equal to it in weight ; and thus, 
from the superfluous quantity of water carried over the 
brim by the immersion of the crown, more than that 
displaced by the mass, he found, by calculation, the 
quantity of silver mixed with the gold, and made mani- 
fest the fraud of the manufacturer. Let us now con- 
Bider the discoveries of Arcliytaa tke* T«ieii>MCkfe^ ^sA 
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Eratosthenes of Cyrene. who, by tho aid of mathenw 
ties, invyuted mimy things useful lo mankind; and 
though fur other iuventiona they are remembered with 
respect, yet tkey are chiefly celebrated for their solutien 
of the following problem. Each of these, by k different 
method, endeavoured to discover the way of satisiymg 
the response of Apollo of DeloB, which required an 
altar to be made similar to his, but to contain double the 
number of cube feet, ou the accomplishment of whieb, 
the island was to be freed from the anger of the gods. 
Archytas obtained a solution of the problem by the semi- 
cylinder, and Eriitosihenes by means of a proportiona] 
inBtruraent. The plonsurea derivable from scientific in- 
vestigatioas, and the delight which inventions afford 
when we consider their effects, are such that I cannot 
help admiring the works of Democritus, on the nature 
of things, and his commentary, entitled Xtiporivjfrar, 
wherein he sealed with a ring, on red was, the accountof 
those experiments he had tried. The discoveries, there- 
fore, of those men, lire always at hand, not only to cor- 
rect the morals of mankind, but also to be of perpetual 
advantage to them. But the glory of the wrestler and 
his body soon decay, so that neither whilst in vigour, 
nor afterwards by his instructions, is he of that service 
to society which the learned are by publication of their 
sentiments. Since honours are not awarded for pro- 
priety of conduct, nor for the excellent precepts delivered 
by authors, their miuds soaring higher, are raised to 
heaven in the estimation of posterity, they derive immor- 
tality from their works, and even leave their portraits to 
succeeding t^es. For, those who are fond of literature, 
cannot help figuring to themselves the likeness of the 
poet Ecnius, as they do that of any of the gods. So 
also those who are pleased with the verses of Accios, 
think they have himself, not less than the force of his 
expressions, always before them. Many even in after 
tges will &ncy themselvea coiLt«aAm%'«\OLL\ia.cT«'u.Ta on. 
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the nature of things, as with Cicero on the art of rhe- 
toric. Many of our posterity will think that they are in 
discourse with Varro when they read his work on the 
Latin language : nor will there be wanting a number of 
philologers, who, consulting in various cases the Greek 
philosophers, will imagine that they are actually talking 
with them. In short, the opinions of learned men who 
have flourished in all periods, though absent in body, 
have greater weight in our councils and discussions than 
were they even present. Hence, Ceesar, relying on 
these authorities, and using their judgment and opi- 
nions, I have written these books ; the first seven related 
to buildings, the eighth to the conduct of water, and in 
this I propose treating on the rules of dialling, as de- 
ducible from the shadow produced by the rays of the sun 
from a gnomon, and I shall explain in what proportions 
it is lengthened and shortened. 



CHAPTER IV. 

OF THE UNIVERSE AND THE PLANETS. 

It is clearly by a divine and surprising arrangement, 
that the equinoctial gnomons are of different lengths in 
Athens, Alexandria, Borne, Piacenza, and in other parts 
of the earth. Hence the construction of dials varies ac- 
cording to the places in which they are to be erected ; 
for from the size of the equinoctial shadow, are formed 
analemmata, by means of which the shadows of gnomons 
are adjusted to the situation of the place and the lines 
which mark the hours. By an analemma is meant a rule 
deduced from the sim's course, and founded on observa- 
tion of the increase of the shadow from the winter sol- 
stice, by means of which, witli TQLec\im\c.^ q^^t^^^kjs* 



1 amiTvIe < 



«ad the use of compasses, we arrive at an accnnU ' 
knqwietlge of the true shape 'of the vorld. Bj the 
world is TDeast the whole Bjsteni of nature together 
with the firmameot and its stars. This contmoaltj 
tnms round the earth and sea on the extreme pointi 
of its axis, for in those points the natural power is so 
contrived that they must be considered as centres, one 
above the eurth and sea at the eitremity of the heavens 
by the north stiirs, the other opposite and below the 
earth towards the south ; moreover in these central 
pointB as round the centres of wheels, which the Greeks 
call iroKot, the heavens perpetually revolve. Thaa the 
earth and sou occupy the central spnce. Hence from 
the construction, the polar centre is raised above the 
earth in the nortlicm part, whilst that in the southern 
part, which is underneath, is hidden from onr view bj 
the earth, and through the middle obliquely and in- 
olined to the south, is a large bond comprising the 
twelve signs, which, by the varied comhluation of the 
stars bring divided iiitd twelve equal pnrts. containa 
that number of representations of figures. These are 
luminous, and with the firmament and the other stars 
and constellations, make their circuit round the earth 
and sea; all these, visible as well as invisible, have 
their fixed seasons, six of the signs turning above the 
earth, the remaining six below it; which latter are 
hidden by the earth. Six of them, however, are always 
above the earth ; for the portion of the last sign, which 
hj the revolution is depressed below the earth and 
hidden by it, ia on the opposite side equal to that of a 
iresh sign emerging from darkness by the force of the 
moving power ; since it is the same power and motion 
which cause the rising and setting at the same moment. 
As these signs are twelve in number, each occupies a 
twelfth part of the heaven, and they move continually 
&om east to west: and through them in a contrary 
coarse, the moon, Mercory, \eiixt&, 0[ifi wko. '\^&€£,'%u%. 



209 



Jupiter and Saturn, as if ascending, pass through the 
heavens from west to east in different orbits. The 
moon making her circuit in twenty-eight days and about 
one hour, and thus returning to the sign from which 
she departed, completes the lunar month. The sim, 
in the course of a month, passes through the space 
of one sign which is a twelfth part of the heavens; 
hence in twelve months going through the twelve signs, 
when he has returned to that sign from which he set 
out, the period of a year is completed : but that circle 
which the moon passes through thirteen times in twelve 
months, the sun passes through only once in the same 
time. The planets Mercury and Venus nearest the rays 
of the sun, move round the sun as a centre, and appear 
sometimes retrograde and sometimes progressive, seeming 
occasionally, from the nature of their circuit, stationary 
in the signs. This may be observed in the planet 
Venus, which when it follows the sun, and appears in 
the heavens with great lustre after his setting, is called 
the evening star; at other times preceding him in the 
morning before sunrise, it is called the morning star. 
Wherefore theee planets at times appear as if they re- 
mained many days in one sign, whilst at other times 
they pass rapidly from one to another ; but though they 
do not remain an equal number of days in each sign, the 
longer they are delayed in one the quicker they pass 
through the succeeding one, and thus perform their 
appointed course : in this manner it happens that 
being delayed in some of the signs, when they escape 
from the retention, they quickly pass through the rest 
of their orbit. Mercury revolves in the heavens in 
such a manner, that passing through the several signs 
in three hundred and sixty days, he returns to that sign 
from which he set out, remaining about thirty days in 
each sign. The planet Venus, as soon as she escapes 
from the influence of the sun's rays, runs through the 
space of one sign in forty days ; and 'w\ia.\. ^\xfe Yq^^'s^ \s^ 
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Btopping a long time in one sign, she makes up by her 
quick passage through othera. She complote3 her circuit 
througli the heavens in four hundred and eighty-five 
days ; by which time she has returned to the siga from 
whence she set out. Mora, on about the six hundred 
and eigbty-third day, completes the circuit of the signs, 
and returns to his place; and if, in any sign, be move 
with a greater velocity, bis stationary state in others 
equalizes the motion, so as to bring him round in 
the proper number of days. Jupiter moving also in 
contrary rotation, but with less velocity, takes three 
hundred and sixty days to puss through one sign ; thus 
lengthening the duration of bis circuit to eleven years 
and three hundred and twenty-three days before- ha re- 
turns to the sign in which he was seen twelve years 
before his setting out. Lastly, Saturn, remaining thirty- 
one months and some days in each sign, returns to his 
point of departure at the end of twenty-nine years, and 
about one hundred and sixty days, or nearly thirty yearS' 
Hence, the nearer he is to the exti'cmity of the universe, 
the larger does his circuit appear, as well as tlie slower 
bis motion. . All those which make their circuit abore 
that of the sun, especially when they are in trine aspect, 
do not advance, but, on the contrary, are retrograde, and 
seem to stop till the sun passes from the trinal sign into 
another. Some are of opinion, that this happens on ac- 
count of their great distance from the sun, on which ac- 
count their paths not being sufficiently lighted, they are 
retarded by the darkness. But I am not of that opinion, 
since the brightness of the sun is perceptible, evident and 
unobsciired throughout the system, just as it appears to 
US, as well when the planets are retrograde as when they 
are stationary. If, then, our vision extends to such a 
distance, how can we imagine it possible to obscure th« 
glorious splendour of the planets ? It appears more pro- 
bable, that it is the beat which draws and attracts all things 
towarda itself: we, in fact, see d^a h««.t reise the fraits 
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of the earth to a considerable height, and the spray of 
waters from fountains ascend to the clouds by the rainbow : 
in the same manner the excessive power of the sun spread- 
ing his rays in a triangular form, Attracts the planets 
which follow him, and, as it were, stops and restrains 
those which precede him, preventing them from leaving 
him, and, indeed, forcing them to return to him, and to 
remain in the other trinal sign. One may perhaps ask, 
whence it happens that the sun, by its heat, causes a 
detention in the fifth sign from itself, rather than in the 
second or tj^ird, which are nearer. This may be thus 
explained. Its rays diverge through the heavens in lines 
which form a triangle whose sides are equal. Those 
sides fall exactly in the fifth sign. For if the rays fell 
circularly throughout the system, and were not bounded 
by a triangular figure, the nearer places would be abso- 
lutely burnt. This seems to have struck the Greek poet, 
Euripides ; for he observes, that those places more dis- 
tant from the sun are more intensely heated than those 
temperate ones that are nearer to him : hence, in the 
tragedy of Phaethon, he says, Kaict to, woppw, to, 8'cyyvs 
cvKar €X€t, (The distant places bum, those that are 
near are temperate.) If, therefore, experience, reason, 
and the testimony of an ancient poet, prove it, I do not 
see how it can be otherwise than I have above shown. 
Jupiter performs his circuit between those of Mars and 
Saturn: thus it is greater than that of Mars, but less 
than that of Saturn. In short, all the planets, the more 
distant they are from the extremity of the heaven, and 
the neai'er their orbit is to the earth, seem to move 
swifter ; for those which have a smaller orbit, often pass 
those above them. Thus, on a wheel similar to those 
in use among potters, if seven ants be placed in as many 
channels round the centre, which are necessarily greater 
in proportion to their distance therefrom, and the ants 
are forced to make their circuits in these channels, whilst 
the wheel moves round in an opposite d.\.iec\!YO\i,>i3sie^ ^^ 
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assuredly complete their circuit, notwithstanding th^ 
contrary motion of the wheel ; and, moreover, thai 
nearest the centre will perform his journey sooner than 
lie who is travelling in the outer channel of the wheel, 
who, though he move with equal velocity, yet, from the 
greater estent of hia circuit, will require a longer time 
for its completion. It is even so with the planets, 
which, each in its particular orhit, revolve in a direction 
contrary to the motion of the heavena, although, in their 
diurnal motion, they are carried backwards by its rota- 
tion. The renaon why some planeta are temperate, some 
hot, and others cold, appeai-s to be this ; that all fire has 
& Same, whoae tendency is upward. Hence the sun 
warms, by hia rays, the air above him, wherein Mars 
moves, and that planet is therefore heated thereby. Sa- 
turn, on the contrary, who is near the eirtremity of the 
universe, and comes in contact with the frozen regions 
of the heavens, is exceedingly cold. Jupiter, however, 
whose orbit lies behvcen those of the two just men- 
tioned, is tempered by the cold and heat, and has an 
agreeable and moderate temperature. Of the band com- 
prising the twelve signs, of the seven planets, and their 
contrary motions and orbits, also of the manner and 
time in which they pass from one sign into another, and 
complete their circuits, I have set forth all that I have 
learnt from authors. I will now speak of the moon's in- 
crease and wane, as taught by the ancients. Berosus, 
who travelled into Asia from the state or country of the 
Chaldeans, teaching his doctrines, maintained that the 
moon was a ball, half whereof was luminous, and the 
remaining half of a blue colour ; and that when, in its 
course, it approached the sun ; attracted by the rays and 
the force of the heat, it turned its bright side in that 
direction, from the sympathy existing between light and 
light ; whence, when the sun is above it, the lower part, 
which is not luminous, is not visible, from the similarity 
of its culojir to the ur. ^Hien tit.'UA "f^r^adicular to 
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the sun's rays, all the light is confined to its upper 
surface, and it is then called the new moon. When it 
passes towards the east, the sun hegins to have less ef- 
fect upon it, and a thin line on the edge of its bright side 
emits its splendour towards the earth. This is on the 
second day: and thus, from day to day, advancing in 
its circuit, the third and fourth days are numbered : but, 
on the seventh day, when the sun is in the west, the 
moon is in the middle, between the east and the west ; 
and being distant from the sun half the space of the 
heavens, the luminous half side will be towards the 
earth. Lastly; when the sun and the moon are the 
whole distance of the heavens from each other, and the 
former, passing towards the west, shines full on the 
moon behind it in the east, being the fourteenth day, it 
is then at the greatest distance from its rays, and the 
complete circle of the whole orb emits its light. In the 
remaining days it gradually decreases till the completion 
of the lunar month, and then returns to re-pass under 
the sun; its monthly rays being determined by the 
number of days. I shall now subjoin what Aristarchus, 
the Samian mathematician, learnedly wrote on the sub- 
ject, though of a different nature. He asserted, that the 
moon possesses no light of its own, but is similar to a 
speculum, which receives its splendour from the sun's 
rays. Of the planets, the moon makes the smallest 
circuit, and is nearest to the earth ; whence, on the first 
day of its monthly course, hiding itself under the sun, 
it is invisible ; and when thus in conjunction with the 
sun, it is called the new moon. The following day, 
which is called the second, removing a little from the 
sun, it receives a small portion of light on its disc. 
When it is three days distant from him, it has increased, 
and become more illuminated; thus daily elongating 
from him, on the seventh day, being half the heavens 
distant from the western sun, one half of it shines, 
namely, that half which is lighted by the sun. On the 



fourteenth day, being diametrically opposite fo ^e 
and the whole of the heavens distant from him, it 
becomes full, and rises as the snu sets ; nnd its distance 
being the whole extent of the heavens, it ia exactly 
ctppositc to, and its whole orb receives, the light of 
the snn. On the sevent^jenth day, when the sun rises, 
it inclines towards the west; on the twenty-first day, 
wbea the sun rises, the moon is about mid-hoaven, 
and the side next the sun is enlightened, whilst the 
other is in shadow. Thus advancing every day, about 
the twenty-eighth day it again returns under the rays of 
the Bun, and completes its monthly rotation. I will 
now explain how the sun, in his passage through a sign 
every month, causes tho days and hours to increase and 
diminish. 



CHAPTEK V. 



When the sua has entered the sign of Aries, and nm 
throTi^h about an eight part of it, it is the vernal ec|iu- 
nox. When he has arrived at the tail of Taurus and 
the Pleiades, for which the fore part of the Bull ia con- 
spicuous, he has advanced in the beavens more than half 
his course towards the north. From Taurus, he enters 
into Gemini, at the time when the Pleiades rise, and 
being more over the earth increases the length of the 
days. From Gemini entering into Cancer, which occupies 
the smallest, space in the heavens, and coming to the 
eighth division of it he determines the solstice, and mov- 
ing forward arrives at the head and breast of Leo, which 
tae parts properly within the division assigned to Cancer. 
From the breast of Leo and the boundaries of Cancer, 
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the sun moving through the other parts of Leo, has hy 
that time diminished the length of the day, as well as of 
his circuit, and resumes the equal motion he had when 
in Gemini. Hence from Leo passing to Virgo and pro- 
ceeding to the indented part of her garment, he contracts 
Ms circuit, which is now equal to that which it had in 
Taurus. Proceeding then from Virgo through the in- 
dentation which includes the beginning of Libra, in the 
eighth part of that sign, the autumnal equinox is com- 
pleted ; the circuit being then equal to that in the sign 
Aries. When the sun enters into Scorpio at the setting 
of the Pleiades, he diminishes, in passing to the southern 
parts, the length of the days ; and from Scorpio passing 
to a point near the thighs of Sagittarius, he makes a 
shorter diurnal circuit. Then beginning from the thighs 
of Sagittarius, which are in Capricomus, at the eighth 
part of the latter he makes the shortest course in the 
heavens. This time from the shortness of the days, is 
called Bruma (winter) and the days Brumales. From 
Capricomus passing into Aquarius, the length of the 
days is increased to that of those when he was in Sagit- 
tarius. From Aquarius he passes into Pisces at the time 
that the west wind blows ; and his course is equal to that 
he made in Scorpio. Thus the sun travelling through 
these signs at stated times, increases and diminishes the 
duration of the days and hours. I shall now treat of 
the other constellations on the right and left of the 
zodiac, as well those on the south as on ths north side of 
the heavens. 



CHAPTER VI. ^H 

OF THE NORTHERN CONSTELLATIONS. 

TiiE Great Bear, which the Greeks call apicro^ and rIsC 
iXlKT), has bis keeper behind him. Not far distant is the 
constellation of the Virgin, on whose right shoulder is a 
very brilliant star, called bj us Provindemia Major, and bj 
the Greeks TrporpvytTOi, which shines with extraordinarj 
lustre aDd colour. Opposite to it is another star, betweoQ 
the knees of the Keeper of the Bear, which bears the 
name of Arctums. Opposite the h^ad of the Bear, 
acrosH the feet of tlie Twins, is Auriga (the charioteer) 
standing on the point of the horns of the Bull, and on 
one side, above the left bom towards the feet of Auriga, 
there ia a star called the hand of Auriga ; on the othei 
side the Goafs Kids and the Goat over the left shoulder, 
Above both the Bull and tho Bam stands Pei-seuB, which 
on the right extends under the bottom of the Pleiades, 
on the left towards the head of the Ram ; his right hand 
rests on the head, of Cassiopeia, the left holding the 
Gorgon'sbciiJbyitstDpniei the Bull aud laying it at the 
feet of Andromeda. Abo\e Andromeda are the Fishes, 
one under her belly, and the other above the back of the 
Horse ; the brilliant star in the belly of the Horse ia 
also in the bead of Andromeda. The right hand ol 
Andromeda is placed on the figure of Cassiopeia, thelefl 
upon the north eastern iish. Aquarius stands on the 
head of the horse ; the ears of the horse turn towards 
the knees of Aquarius, and the middle star of AquariuE 
is also common to Capricornus. Above on high are the 
Eagle and the Dolphin, and near them Sagitta. On th( 
side is tbe Swan, the right wing of which is turned 
towards tho hand and sceptre of Cepheus, the left lean! 
on Cassiopeia, and under the tail of Avis the feet of th< 
horse are bidden. Above Sagittarius, Scorpio, and Libra 
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comes the Serpent, the point of whose snout touches the 
Crown ; in the middle of the Serpent is Ophiuchus, 
who holds the Serpent in his hands, and with his left 
foot treads on the head of the Scorpion. Near the mid- 
dle of the head of Ophiuchus is the head of the Kneeler ; 
their heads are easily distinguished from heing marked 
with luminous stars. The foot of the Kneeler is placed 
on the temple of the Serpent, which is entwined between 
the two northern bears, called Septentriones. The Dol- 
phin is a short distance from them. Opposite the bill 
of the Swan is the Lyre. The Crown lies between the 
shoulders of the Keeper and the Kneeler. In the northern 
circle are two Bears, with their shoulders and breasts in 
opposite directions ; of these the Less is called Kwoaovpa, 
and the Larger IXiicrj by the Greeks. Their heads are 
turned downwards, and each of their tails is towards the 
other's head, for both their tails are raised, and that 
which is called the polestar, is that near the tail of the 
Little Bear. Between these tails, as we have before 
stated, extends the Serpent, who turns roimd the head 
of that nearest to him, whence he takes a folding direc- 
tion round the head of the smaller bear, and then 
spreading under his feet, and rising up, returns and 
folds from the head of the Less to the Greater Bear, 
with his snout opposite and showing the right temple of 
his head. The feet of Cepheus are also on the tail of 
the Small Bear; towards which part more above our 
heads, are the stars which form the equilateral triangle 
above Aries. There are many stars common to the 
Lesser Bear and Cepheus. I have enumerated the 
constellations which are in the heavens to the right of 
the east between the zodiac and the north. I shall now 
describe those which are distributed on the southern side 
to the left of the east. 
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CHAPTER VII. 

OF THE SOUTHEEN CONSTELLATIONS. 

FiKsi, under Capricoraus is (lie aouthern Fish lookii 
towards the tail of the Whale. BL-tween it and Sag 
tariua is a-vacant apace. The Al tor ia under the stii 
of Scorpio. The fore parts of the Centaur are ne 
Lihra and Scorpio, and he holds in his hand that co. 
Btellation which ustronomera call the Beast. NearVirj 
Leo, and Cancer, the Snake stretches through a ranj 
of stars, and with its foldings tincircles the region i 
Cancer, raising its snout towards Leo and on the midd! 
of its body supporting the cup ; its tail extends towart 
the hand of Virgo, and upon that is the Crow ; the stai 
on its back ore ell equally luminous. Under its heUj 
at the tail, is the Centaur. Near the cup and Leo ia ill 
ship Argo, whose prow is hidden, hut the mast and pari 
about the steerage arc clearly seen. The Ship and il 
poop touch the tip of the Bog's tail. The smaller Do 
is behind the Twins at the beitd of tlie Snake, and tb 
larger follows the smaller Dog. Orion lies transverse] 
under, pressed on by the hoof of the Bull, holding 
shield in his left hand and with the club in his rigt 
hand rtusod towai'ds Gemini ; near his feet is the Dogi 
a short distance following the Hare. Below Aries an 
Pisces is the Whale, from whose top to the two Fishes 
small group of stars, which the Greeks call "Epiiijion 
regularly extends, and this ligature of the Fishes twistin 
considerably inwards, at one part touches the top of th 
Whale. A river of stars, in the shape of the river P< 
begins from the left foot of Orion. The water that run 
from Aquarius takes its course between the head of th 
southern Fish and the tail of the Whale. I have ei 
plained the constellations displayed and formed in th 
beaveDB by nature with a divine intelligence, accordini 
to the ~ - ' if HiQ plulosopbei He:ia<i>^^n&, co'a&aa 
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mjself to those whose rising and setting are visible. 
Some, however, such as the two Bears turning round the 
pole, never set nor pass under the earth. So also, 
the constellations about- the south pole, which from the 
obliquity of the heavens are under the earth, are always 
Udden, and their revolution never brings them above 
the horizon. Whence the interposition of the earth 
prevents a knowledge of their forms. The constellation 
Canopus proves this, which is unknown in these coun- 
tries, though well known to merchants who have tra- 
velled to the extremity of Egypt and other boundaries of 
the earth. I have described the true circuit of the 
heavens about the earth, the arrangement of the twelve 
signs, also that of the northern and southern constella- 
tions, because therefrom, from the opposite course of the 
sun through the signs, and from the shadows of gno- 
mons at the equinoxes, are formed the diagrams of ana- 
lemmata. The rest which relates to astrology, and the 
effects produced upon human life by the twelve signs, 
the five planets, the sun and the moon, must be left to 
the discussions of the Chaldeans, whose profession it is 
to cast nativities, and by means of the configurations of 
the stars to explain the past and the future. The talent, 
the ingenuity, and reputation of those who come from 
the country of the Chaldeans, are manifest from the dis- 
coveries they have left us in writing. Berosus was the 
first of them. He settled in the island and state of Cos, 
and there established a school. Afterwards came Anti- 
pater and Achinapolus, which latter not only gave rules 
for predicting a man's fate by a knowledge of the time of 
his birth, but even by that of the moment wherein he 
was conceived. In respect of natural philosophy Thales 
the Milesian, Anaxagoras of Clazomense, Pythfigoras the 
Samian, Xenophanes of Colophon, Democritus the Ab- 
derite, have published systems which explain the mode 
in which Nature is regulated, and how every effect is 
produced. Eudoxus, Endsemon, Callippus, Melo, Philip, 
Hipparchus, Aratus, and others, foUoVvag yDl ^•^ ^Xj^'^'ik 
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of the preceding, foond, by the nae of mstraments 

times of the rising and setting of the stars and the 
changes of the seasoae, and left treatises thereon fur 
the use of posterity. Their learning will bo admired 
by mankind, because, added to the above, they appear as 
if by divine inspiration to have foretold the weather 
at particular seasons of the year. For a knowledge of 
these matters reference must therefore bo made to their 
laboarB and investigation. 



CHAPTER VUI. 



Fnou the doctrines of the philosophers above mentioned, , 
are extracted the principles of dialling, and the explana- 
tion of the inci'casc and deiMTiise of the dHvs in the dif- 
ferent months. 'J'he sun at tlic times of the equinoxes, 
that is when be is in Aries or Libra, casts a sliudow in 
the latitude of Rome equal to eight-ninths of the length 
of the gnomon. At Athens the length of the shadow le 
three-fourths of that of the gnomon. At Rhodes five- 
sevenths ; at Tarentum nine-elevenths ; at Alexandria 
three-fifths ; and thus at all other places the shadow of 
the gnomon at the equinoxes naturally differs. Hence 
in whatever place a dial is to he erected, we must first 
obtain the equinoctial shadow. If, as at Rome, the 
shadow be eight-ninths of the gnomon, let a line be 
drawn on a plane surface, in the centre whereof is raised 
a perpendicular thereto ; this is called the gnomon, and 
from the line on the plane in the direction of the gno- 
mon, let nine equal parts be measured. Let the end of 
the ninth part A, be considered as a centre, and extend- 
ing the compasses from that centre to the extremity B 
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of the said line, let a circle be described. This is called 
the meridian. Then of those nine parts between the 
plane and the point of the gnomon, let eight be allotted 
to the line on the plane, whose extremity is marked C. 
This will be the equinoctial shadow of the gnomon. 
From the point C through the centre A let a line be drawn, 
and it will represent a ray of the sun at the equinoxes. 
Extend the compasses from the centre to the line on 
the plane, and mark on the left an equidistant point 
E, and on the right another, lettered I, and join them 
by a line through the centre, which will divide the circle 
into two semicircles. This line by mathematicians is 
called the horizon. A fifteenth part of the whole cir- 
cumference is to be then taken, and placing the point of 
the compasses in that point of the circumference F, 
where the equinoctial ray is cut, mark with it to the 
right and left the points G and H. From these, through 
the centre, draw lines to the plane where the letters T 
and E are placed, thus one ray of the sun is obtained 
for the winter, and the other for the summer. Opposite 
the point E, will be found the point I, in which a line 
drawn through the centre, cuts the circumference ; and 
opposite to G and H the points K and L, and opposite to 
C, F, and A, will be the point N. Diameters are then 
to be drawn from G to L, and from H to K. The lower 
one will determine the summer, and the upper the 
winter portion. These diameters are to be equally di- 
vided in the middle at the points M and O, and the 
points being thus marked, through them and the centre 
A a line must be drawn to the circumference, where the 
letters P and Q are placed. This line will be perpendi- 
cular to the equinoctial ray, and is called in mathe- 
matical language, the Axon. From the last obtained 
points as centres (M and O) extending the compasses to 
the extremity of the diameter, two semicircles are to 
be described, one of which will be for summer, the other 
for winter. In respect of those pom\."a ^\i^x^ 'Ocka \:^<5k 



parallels cat that line wh.io1i is called tlie horizon; o 
the right hand is pliuied the letter S, and on the left tl 
letter V, aud at the extremity of tbo semicircle, letter* 
G, a line pnrullel ta the Axon is drawn to the extremil 
on the left, lettered H. This parallel line is called L 
cotomns. Finall;, let the point of the compasses I 
phiced in that point where this line is cut by the eqs 
noctial ray, and letter the point X, and let the othi 
point he extended to that where the summer ray cuts H 
circumference, and he lettered H. Then with a distani 
eqnaJ to thut from the summer interval on the equino 
tisl point, aa a centre, describe the circle of the monlb 
which is called Manacns. Thus will the analemtua I 
completed. Having proceeded with the diagram and ii 
formation, tlie hour lines may be projected on the aq 
lemma according to the place, either by winter lines, I 
summer lines, or equinoctial lines, or lines of the month 
and as many varieties and species of dials as can J 
desired, may be constructed by this ingenious metha 
In all the figures and diagrams the effect will be tl 
same, chat is to say, the equinoctial as well as the at 
Btitiiil ditjs, will always he divided into tivelve equ 
parts. These matters, however, I pass over, not fro' 
indolence, but to avoid proliwty. I will merely add, 1 
whom the different species and figures of dials were ii 
vented ; for I have not been able to invent a now soi 
aoiHior ivjll 1 pa^s oS the inventions of otber^j as n 
own. I shall therefore mention those of which I ha' 
any information, and by whom they were invented. 
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CHAPTER IX. 

OF VAMOUS DIALS, AND THEIR INVENTORS. 

SBosus the Chaldean, was the inventor of the semi- 
de, hollowed in a square, and inclined according to 
3 climate. Aristarchus the Samian, of the Scaphe or 
miisphere, as also of the discus on a plane. The 
achne was the invention of Eudoxus the astrologer, 
3ugh some attribute it to Apollonius. The Plinthium 
Lacunar, an example of which is to he seen in the 
reus Flaminius, was invented by Scopas the Syracusan. 
le sort called IIpos rot loropov/Acva, by Parmenio. That 
led IIpos TTov KXIfia, by Theodosius and Andrias. The 
licinon by Patrocles. The Cone by Dionysodorus. 
le Quiver by Apollonius. The persons above men- 
ned not only invented other sorts ; but the inventions 
others have come down to us, such as the Gonarche, 
3 Engonatos, and the Antiboreas. Many also have left 
structions for constructing the portable pendulous diaL 
hen any one understands the formation of the ana- 
oma, he will be enabled, by reference to their writings, 

suit them to any place. By the same writers have 
en discovered the method of making water dials, 
esibius Alexandrinus was the first who found out the 
operties of the wind, and of pneumatic power, the 
gin of which inventions is worthy of being known, 
ssibius, whose father was a barber, was bom at Alex- 
dria. Endowed with extraordinary talent and industry, 

acquired great reputation by his taste for his me- 
anical contrivances. Wishing to suspend a mirror in 
i father's shop, in such a way that it might be easily 
sed and lowered by means of a concealed cord, he 
ed the following expedient. Fixing a wooden tube 
.der the beam, he attached pulleys to it upon which the 
rd passed and made an angle in descending into the 
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wood which he bad hollowed out : there he placed small 
tubes, within which a lenden hall attached to the con! 
was made to descend. It happened that the weight. iM 
passing thi'ough the narrow parts of the tube, pressed 
on the inclosed air, and violently driving out at its 
mouth the quautitj' of air compressed in the tubes, pn^ 
duced hy ohstructioQ and contact a distinct sonndi 
Ctesibius having thus observed that by the compression 
and conuuesion of the air, sounds might be produced, 
be made use of Ihe discovery in hia application, of it to 
hydraulic machines, to those automata which act bj the 
power of inclosed water, to lever and turning engines, 
and to many other entertaining devices, but princlpsU; 
to water dials. First he made a perforation in a piece 
of gold or a smooth gem, because these materials are 
not liable to be worn by the action of the water, nor to 
collect filth, by which the passage of Ihe wafer might b4 
obstructed : the water flowing through the hole equably, 
raises an inverted bowl, called hy the workmen pbellos, 
or the tympanum, with which are connected a inJe and 
revolving drum wheels witli perfectly equal teeth, which 
teeth, acting on one ooiother, produce revolutions and 
measured motion. There are other rules and other 
wheels, toothed in a similar manner, which acf«d upon 
by the same force in their revolutions, produce dif- 
ferent species of motion, by which figures are made 
to move, cones are turned round, stones or oviform 
bodies are ejected, trumpets sounded, and similar coa- 
ceits effected. On these also, either on columns or 
pillars, the hours are marked, to which a figure, holding 
a wand and rising from tihe lower part, points throi^h- 
out the day, the increase and decrease whereof is daily 
and monthly adjusted, by adding or taking away certain 
wedges. To regulate the flow of the water, stoppers are 
thus formed. Two cones are prepared, one conves, t^e 
other concave, and rounded so as to fit exactly into each 
other. A rod, by elongatjng these, or bringing them 
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together, increases or diminislies the flow of water into 
the vessel. In this manner, and according to the prin- 
[ dples of this machine, water-dials for winter are con- 
structed. If the addition or removal of the wedges 
should not he attended hy a correspondent increase or 
decrease in the days, for the wedges are frequently im- 
perfect, it is to he thus remedied. Let the hours from 
the analemma he placed on the column transversely, and 
let the lines of the months he also marked thereon. 
The column is to turn round, so that, in its continual 
revolution, the wand of the figure, as it rises, points to 
the hours, and, according to the respective months, 
makes the hours long or short. Other kinds of winter- 
dials are made, which are calleci Anaporica. They are 
constructed as follows. With the aid of the analemma 
the hours are marked hy hrazen rods on their face, 
beginning from the centre, whereon circles are drawn, 
showing the limits of the months. Behind these rods a 
wheel is placed, on which are measured and painted the 
heavens and the zodiac with the figures of the twelve 
celestial signs, hy drawing lines from the centre, which 
mark the greater and smaller spaces of each sign. On 
the hack part of the middle of the wheel is fixed a re- 
volving axis, round which a pliable brass chain is coiled, 
at one of whose ends a phellos or tympanum hangs, 
which is raised by the water, and at the other end a 
counterpoise -of sand equal to the weight of the phellos. 
Thus as the phellos ascends by the action of the water, 
the counterpoise of sand descends and turns the axis, as 
does that the wheel, whose rotation causes at times the 
greater part of the circle of the zodiac to be in motion, 
and at other times the smaller ; thus adjusting the hours 
to the seasons. Moreover in the sign of each month are 
as many holes as there are days in it, and the index 
which in dials is generally a representation of the sun, 
shows the spaces of the hours ; and whilst passing from 
one hole to another, it completes the period of the 
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mondi. Wlierefore, as the aun passing through the 
signs, lengthens and shortens the days and hours, so the 
index of the dial, entering by tbe points opposite the 
centre round which the wheel turns, by its daily motions, 
sometimes in greater, at other times in less periods, will 
pass through the limits of the months and days. Ths 
management of the water, and its equable flow, is thita 
regulated. Inside, behind the face of the dial, a cistern 
is placed, into which the water is conveyed by a pipe. In 
its bottom is a hole, at whose eide is fixed a brazen tym- 
panum, with a hole in it, through which the wal«r in the 
cistern may pass into it. Within this is inclosed n lesser 
tympanum attached to tbe greater, with male and female 
joints rounded, so that the lesser tympanum turning 
within the greater, similar to a stopple, fits closely, 
though it moves easily. Moreover, on the lip of the 
grsflter tympanum are three hundred and sixty-five 
points, at equal distances. On the circumference of 
the smaller tympanum a tongue is fixed, whose tip 
points to die marks. In this smaller tympanum s 
proportionable hole is made, through which the wator 
passes into the tympanum, and serves the work. On 
the lip of the lai^e tympaoum, which is fixed, are 
the figures of the celestial signs ; above, is the figure 
of Cancer, and opposita to it, below, that of Capri- 
comus. On the right of the spectator is Libra, on 
his left Aries. All the other signs are arranged in the 
spaces between these, as they are seen in the heavens. 
Thus, when the son is in the portion of the (urcle 
occupied by Capricomus, the Umgue stands in that 
part of the larger tympanum where Capricomus is 
placed, touching a different point every day : and as 
it then vertically bears the great weight of the run- 
ning water, this passes with great velocity through 
the hole into the vase, which, receiving it, and being 
soon filled, diminishes and contracts the lengths of 
the days aad hcHirs. When, by the diioTial revoln- 
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tion of the lesser tympanam, the tongue enters Aqua- 
rius, all the holes fall perpendicular, and the flow of 
the water heing thus lessened, it runs off more slowly; 
whence the vase receiving the water with less velocity, 
the length of the hours is increased. Thus, going 
gradually through the points of Aquarius and Pisces, 
as soon as the hole of the small tympanum touches the 
eighth part of Aries, the water flows more gently, and 
produces the equinoctial hours. From Aries, through 
the spaces of Taurus and Gemini, advancing to the 
upper points where the Crab is placed, the hole or tym- 
panum touching it at its eighth division, and arriving at 
the summit, the power is lessened ; and hence running 
more slowly, its stay is lengthened, and the solstitial 
hours are thereby formed. When it descends from 
Cancer, and passes through Leo and Virgo, returning 
to the point of the eighth part of Libra, its stay is 
shortened by degrees, and the hours diminished, till, 
arriving ^t the same point of Libra, it again indicates 
the equinoctial hours. The hole being lowered through 
the space of Scorpio and Sagittarius, in its revolution 
it returns to the eighth division of Capricomus, and, 
by the velocity of the water, the winter hours are pro- 
duced. To the best of my ability I have explained the 
construction and proportions of dials, so that they may 
be easily set up. It now remains for me to speak of 
machines, and the principles which govern them. These 
will be found in the following book, and will complete 
this Treatise on Architecture. 
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BOOK THE TENTH. 



INTRODUCTION. 

In the magnificent and spacious Grecian city of Ephesus 
an ancient law was made by the ancestors of the in- 
habitants, hard indeed in its nature, but nevertheless 
equitable. When an architect was entrusted with the 
execution of a public work, an estimate thereof being 
lodged in the hands of a magistrate, his property was 
held, as security, until the work was finished. If, when 
finished, the expense did not exceed the estimate, he was 
complimented with decrees and honours. So when the 
excess did not amount to more than a fourth part of the 
original estimate, it was defrayed by the public, and no 
punishment was inflicted. But when more than one- 
fourth of the estimate was exceeded, he was required to 
pay the excess out of his own pocket. Would to God 
that such a law existed among the Roman people, not 
only in respect of their public, but also of their private 
buildings, for then the unskilful could not commit their 
depredations with impunity, and those who were the 
most skilful in the intricacies of the art would follow 
the profession. Proprietors would not be led into an 
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extravngant expenditare so as to cnnse ruin ; architects 
til em selves, from the dread of punisbment, would be 
more careful in tlicir citlculations, und the proprietor 
would conijilete his building for that sum, or a little 
more, which he could afford to expend. Those who can 
conveniently expend » given sum on any work, with the 
plea,sing expectation of seeii^ it completed would cheer- 
fully add one-fourth more ; but when they find thein- 
selvea burdened with the addition of half or even more 
than half of the expense originally contemplated, losing 
Qieir apirita, and sacrificing what has already been laid 
out, they incline to desist from its completion. Nor is 
ibis an evil which occnra in hnildinga alone, hut also in 
the shows of gladintora in the Fonim, and in the scenes 
of plays exhibited by the magistratea, in which neither 
delay nor Jiiiidrance is admitted, since there is a neces- 
sity for their being completed by a certain time. Thus 
the seats for viewing the shows, the loachinery for 
drawing the Vela, and the contrivances for shifting 1 
the scenes, must all he prepflreil hj a given day, that 
the people may not be disappointiKl. And in the pre- 
paration of all these much readiness and profound 
thought must be exercised, because they cannot be 
executed without machinery, and the application of 
varied and extensive studies. Since, therefore, this is 
the case, it does not seem foreign to our purposa, 
carefully and diligently to explain those principles on 
which a work should he formed previoos to oom.- 
mencing it. But as neither the law nor custom oohl- 
pels the adoption of such a practice, and Uie pnetois 
and tediles are Iwund every year to provide the ib» 
chinery for the sports, it appeared to me, Emperoi, 
highly expedient, as in the foregoing books I hm*- 
treated on buildii^, to explain in this which oloseii 
the treatise, the principles upon which anch 
are constructed. 
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CHAPTER I. 

OF MACHINES AND ENGINES. 

L iCAOHiNB is a combination of materials capable of 
noving great weights. It derives its power from that 
ircolar application of motion which the Greeks call 
iMcXucri Kivrjo'ts. The first species is for scaling (scansoria), 
7hich the Greeks call SLKpofiarucos- The second, wherein 
he wind is the moving power, is, by the Greeks, called 
rv€v/AariK09. The third sort of machine is for draught, and 
hey call it fidkava-oi. The scaling machine is constructed 
or the purpose of ascending, without danger, to view 
¥orks of considerable altitude, and is formed of long 
neces of timber connected together by transverse pieces. 
rhe pneumatic machine is for the purpose of imitating 
Jie sounds of stringed and wind instruments, by means 
)f a rush of air organically introduced. Machines of 
Iraught are constructed for the purpose of removing or 
raising great weights. The scaling machine is one more 
3f boldness than art, being a combination of longitudinal 
timbers connected together by cross pieces, the splicings 
well lashed together, and the whole supported by shores 
3r props. But the machine which, by the action of wind, 
produces very pleasing effects, requires great ingenuity 
in its construction. The machines for draught perform 
much greater and more important operations, in their 
application to different purposes, and, when skilfully 
managed, are of great utility. Of these some act me- 
chanically, others organically. The difference between 
machines and organs is this, that the former are composed 
of many subordinate parts, or propelled by a great power, 
as balistse for instance, and wine-presses ; whereas, the 
latter, by an ingenious application of the moving power, 
can be set in motion by a smgle person, as in turning the 
axis of the scorpion or anisocycli. Thus organs, as well 
as machines, are extremely useful and necessary, inaa^ 



much as, withftut them, no worlta could be carried into 
eseciition. The laws of mechanics are founded on those 
of natnre, and are illuetrated by studying the maslcr- 
movenieuts of the nniverse itself. For if we consider the 
sun, moon and the five planets, we shall perceive, that if 
they were not duly poised in their orbits, we should 
neither have light on the earth, nor heat to mature its 
fruits. Our ancestors so reasoned on these motions, that 
they adopted nature as their model ; and, led to an imi- 
tation of the divine institutions, invented machines 
necessary for the purposes of life. That these mig'ht be 
suitable to their different purposes, some were con- 
structed with wheels, and were called machines ; others 
were denominated oi^ans. Those which were found 
most useful were graduully improved, by repeated expe- 
riments, by art, and by the laws which they instituted. 
Let us, for an instant, reflect on an invention, necessarily 
of an early period, that of clothing ; wherein, by the or- 
ganic arrangement of the loom, the connexion of the warp 
io tic woo^ not ouly defends our bodies by tlie covering 
it affords, but is likewise an ornament to them. Again ; 
how should we be supplied with food, but for the yokes 
and ploughs to which oxen and other animals are har- 
nessed? Without the aid of wheels and axles, of presses 
and levers, we could enjoy neither the comforts of good 
oil, nor of the fruit of the vine. Without the aid of carts 
and waggons on land, and ships on the sea, we should 
be unable to transport any of our commodities. How 
necessary also, is the use of scales and weights in our 
dealings, to protoct us from fraud. Not less so are in- 
numerable different machines, which it is unnecessary here 
to discuss, since they are so well known from our daily 
use of them, such ns wheels generally, the blacksmith's 
bellows, chariots, caleches, lathes, and other things which 
our habits constantly require. We will, therefore, pro- 
ceed to explain, in the first place, those which are more 
rarely wanted. 
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CHAPTER II. 

OF MACHINES OF DEAUGHT. 

E will begin by describing those engines which are 
efly used in the erection of sacred buildings, and other 
blic works. They are made as follows : three pieces 
timber are prepared suitable to the greatness of the 
ights to be lifted, connected at the top by a pin, but 
*eading extensively at their feet. These are raised by 
ans of ropes made fast to the top, and when raised, are 
Teby kept steady. To the top is then made fast a 
ick, by some called rechamus. In this block are two 
[leys, turning on axles; over the upper pulley passes 
s leading rope, which, let fall and drawn through un- 
• the lower pulley of the bottom block is returned 
snce over the lower pulley of the upper block : the 
►e again descends to the lower block, and its end is 
de fast to the eye of it. We refer the other end of the 
>e to the description of the lower part of the machine, 
the back faces of the pieces of timber, where they 
erge, are fixed socket-pieces (chelonia), for the gud- 
ns of the axles to work, so that they may revolve freely, 
e axles at the ends near the gudgeons, are pierced 
h two holes, so adjusted as to fit and receive the 
3rs. Iron shears are then made fast to the under part 
the lower block, whose teeth are received in holes cut 
the piece of stone, for the purpose. The loose end of 
rope being now attached to the axle, and that turned 
nd by means of the levers, the rope, in winding round 
axle, raises the weight to its height and place in the 
•k. 



CHAPTEE m. 

OF AKOTHEH SOBT OF MACHINE OF DRAUGHT. 

A. BLOCK containing three pulleys is denominated Tii- 
spaslos ; when the lower system hea two pallejs, ead 
the upper one three, Pentospastoa. A machine for rwa- 
ing heavier weights requires longer and stouter beamB, 
and the pins for joining them at top, as well as the axle 
below, must be increased in proportion. Having pre- 
mised this, the raising ropes lying loose, are first dis- 
tributed ; then to the shoulders of the machine ore made 
fast the guys, which, if there be no place to which thej 
can be otherwise firmly fixed, must be attached to sloping 
piles driven into the ground, and steadied by ramming 
the ground about tbem. A block is to be now slung to 
the head of the machine, round which ropes must be car- 
ried to another block which has been previously fastened 
to a stake, and, passing over its pulley, must be returned 
to that on the top of the miichiuo, round which the rope 
passes and descends to the axle at bottom, to' which 
it is lashed. The axle is now turned round by meana 
of the levers, and the machme is put in motion with- 
out danger. Thus the ropes being disposed around, and 
the guys firmly fastened to the stakes, a machine is sta- 
tioned for use. The pulleys and leading ropes are ap- 
plied as described in the foregoing chapter. 



CHAPTER IV. 

OF A SIMILAR MACHINE. OF GREATER POWER. 

If exceedingly large weights are to be raised, they must 
not be trusted to a mere axle ; but the sjcle being retiuned 
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"by the gudgeons, a large drum should be fixed on it, 
-which some caU a drum-wheel (tympanum) : the Greeks 
name it d/i,^ipcvo'is> or trepLrpo-xp^* In these machines the 
Mocks are constructed differently from those already de- 
scribed. Having, at top and bottom, two ranks of pulleys, 
the rope passes through a hole in the lower block, so that 
each end of the rope is equal in length when extended. 
It is there bound and made fast to the lower block, and 
both parts of the ropes so retained, that neither of them 
may swerve either to the right or the left. The ends 
of the rope are then returned to the outside of the upper 
Mock, and ^jarried over its lower pulleys ; whence they 
descend to the lower block, and passing round its pulleys 
on the inner side, are carried up right and left over the 
tops of the higher pulleys of the upper block ; whence 
descending on the outer sides, they are secured to the 
axle on the right and left of the drum-wheel, about 
which another rope is now wound, and carried to the 
capstan. On the turning of the capstan, the drum-wheel 
and axle, and consequently the ropes fastened to it, are 
set in action, and raise the weights gently and without 
danger. But if a larger drum- wheel be affixed, either in 
the middle or on one of the sides, of such dimensions 
that men may walk therein, a more effectual power is oh* 
tained than Ihe capstan will afford. 



CHAPTER V. 

OF ANOTHER MACHINE OF DRAUGHT. 

Thebe is another species of machine, ingenious in re- 
spect of its contrivance, and of ready application in prac- 
tice ; but it should not be used except by experienced 
persons. A pole or log of timber is raised, and kept in 
its situation by means of four guy ropes in o^^q^v^ 
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directions. Under the place whore the gny ropes at top 
are made fast to the pole, two cheeks are fixed, aboM 
which the block ie tied with ropee. Under the block, t 
piece of timber about two feet long, s\x inches wide, and 
four inches thick, is placed. The blocks have thret 
ranks of pulleys latitu din ally, so that it is necessarj to 
conduct three leading ropes from the upper part of iho 
machine ; these are brought down to the lower block, 
and are passed through its upper pulleys from the side 
next the pole. They then ai'e carried to the upper block, 
passing from the outer sides of the lower pulleys to the 
inner sides of the lower pullejs of the upper block. 
Descending once more to the inferior block, they pass 
round the second rank of pulleys from the ii 
outer side, and are then returned lo the second rank of 
pulleys in the higher block, over which thoy pass and re- 
turn to the lowest, whence they are again carried up- 
wards, and passing round the uppermost pulley, return 
to the lower part of the mnchine. A third block is fixed 
near the bottom of the pole, whose Greek name is 
iirayiup, but with US it is called Artemo. This block, 
which is made fast to the pole at a small distance from 
the ground, has three pulleys through which the ropes 
are passed, for the men to work them. Thua, three sets 
of men, working without the intervention of a capstan, 
quickly raise the weight to its required height. This 
species of machine is called Polyspaston, because the 
facility and despatch in working it, is obtained by means 
of many pulleys. One convenience in using a single 
pole is, that the situation of the weight in relation to the 
pole, whether before it or to the right or left of it, is of 
no consequence. AH the machines above described, are 
not only adapted to the purposes mentioned, but are also 
useful in loading and unloading ships, some upright, 
others horizontal, with a rotatory motion. On the ground, 
however, without the aid of the poles, ships are drawn 
on shore by the mere application of blocks and ropes. 
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CHAPTER VI. 

OP CTESIPHON'S CONTRIVANCE FOR REMOVING 

GREAT WEIGHTS. 

Xt will be useful to explain the ingenious contrivance of 
Gtesiphon. When he removed from the quarry the 
shafts of the columns which he had prepared for the 
.' temple of Diana at Ephesus, not thinking it prudent to 
trust them on carriages, lest their weight should sink 
the wheels in the soft roads over which they would have 
to pass, he devised the following scheme. He made a 
frame of four pieces of timber, two of which were equal 
in length to the shafts of the columns, and were held to- 
gether by the two transverse pieces. In each end of the 
shaft he inserted iron pivots, whose ends were dovetailed 
thereinto, and run with lead. The pivots worked in 
gudgeons fastened to the timber frame, whereto were 
attached oaken shafts. The pivots having a free revolu- 
tion in the gudgeons, when the oxen were attached and 
drew the frame, the shafts rolled round, and might have 
been conveyed to any distance. The shafts having been 
thus transported, the entablatures were to be removed, 
when Metagenes the son of Ctesiphon, applied the prin- 
ciple upon which the shafts had been conveyed to the 
removal of those also. He constructed wheels about 
twelve feet diameter, and fixed the ends of the blocks of 
stone whereof the entablature was composed into them ; 
pivots and gudgeons were then prepared to receive them 
in the manner just described, so that when the oxen 
drew the machine, the pivots turning in the gudgeons, 
caused the wheels to revolve, and thus the blocks, being 
enclosed like axles in the wheels, were brought to the 
work without delay, as were the shafts of the colimins. 
An example of this species of machine may be seen in 
the rolling stone used for smoothing the walks in pa- 
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lesttffl. But the method would not have been pi 
for any considerable distance. From the quai-ries tg the 
temjile is a length of not more than eight thousand feet, 
and the interval is a plain witliout any declivity. Within 
our own times, when the base of the colossal statue d 
Apollo in the temple of that god, was decayed through 
age: to prevent the fall and destruction of it, a contract 
for a base from the same quarry was made with P»oiiius, 
It was twelve feet long, eight feet wide, and 3ix feel 
high. PteoniuB, driven to an expedient, did not use th« 
same as Metagenos did, hut constructed a machine for 
the purpose, by a different apphcatioD of the same prin- 
ciple. He made two wheels about fifteen feet diameter, 
and fitted the ends of tlie stone into these wheels. To 
connect the two wheels he framed into them, round thoir 
circumference, small pieces of two inches square not 
more than one foot apart, each extending from one wlieel 
to the other, and thus enclosing the stone. Bound 
these bars a rope was coiled, to whioh the traces of the 
oxen weiT mode fjist, and as it was drawn out, the stone 
rolled on by means of the wheels, but the machine by its 
constontly Bwerving from a direct straightforward path, 
stood in need of constant rectification, so that PteoniuB 
was at last without money for the completion of his 
contract. 



CHAPTER VII. 

OF THE DISCOVERY OF THE QUABRY WHENCE STONE 
■WAS PItOCURED FOR THE TEMPLE OF DIANA AT 

EPHESfS. 

I MUST digress a little, and relate how the quarries of 
Ephesus were discovered. A shepherd, of the name of 
Pixodarus, dwelt in these parts at the period in which 



^ the Bphesians had decreed a temple to Diana, to be 
'' Imilt of marble from Pares, Procomiesus, or Thasos. 
Pixodanis on a certain occasion tending his flock at this 
place, saw two rams fighting. In their attacks, missing 
tech other, one fell, and glancing against the rock with 
I . liis horns, broke off a splinter, which appeared to him so 
delicately white, that he left his flock and instantly ran 
with it into Ephesus, where marble was then in much 
demand. The Ephesians forthwith decreed him honours, 
and changed his name to Evangelus. Even to this day 
the chief magistrate of the city proceeds every month to 
the spot, and sacrifices to him ; the omission of which 
ceremony would, on the magistrate's part, be attended 
with penal consequences to him. 



CHAPTEK VIII. 

OF THE PRINCIPLES OF MECHANICS. 

I HAVE briefly explained the principles of machines of 
draught, in which, as the powers and nature of the mo- 
tion are different, so they generate two effects, one di- 
rect, which the Greeks call ev^cui, the other circular, 
which they call icvKXturrj ; but it must be confessed, that 
rectilinear without circular motion, and, on the other 
hand, circular without rectilinear motion can neither 
without the other be of much assistance in raising 
weights. I will proceed to the explanation of this. The 
pulleys revolve on axles which go across the blocks, and 
are acted upon by straight ropes which coil round 
the axle of the windlass when that is put in motion by 
the levers, thus causing the weight to ascend. The 
pivots of the windlass axle are received into, or play in 
the gudgeons of the cheeks, and the levers being inserted 
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in tihe holes provided for them in tlie axle, are moved it 
a circular direction, and thus cause tho nscent of llu 
weight. Thus also, an iron lever being applied to i 
weight which many hands could not remove ; if a fnt 
crnm, which the Greeks call uirofioxXuii', be placed nndo 
it, and the tongue of the lever be under the weight, one 
man's strength at the end will raise the weight. Tliis i| 
axjcounted for by the fore part of the lever being imdei 
the weight, and at a shelter distance from the Mcnin 
or centre of motion ; whilst the longest part, which ii 
from the centre of motion to the head being brought into 
circular motion, the application of few bands to it vill 
raise n great weight. So if the tongue of the lever be 
placed uuder tho weight, and instead of the end being 
pressed downward it be lifted up. the tongue then ha?- 
ing the ground for a fulcrum, will act on that as in the 
first instance it did on the weight, and the tongue mil 
press agmnst the side thereof as it did on the fulcrum: 
though by this means the weight will not be so easilj 
raised, yet it niiiy be thus moved. If the toii;;;ue of lie 
lever lying on the fulcrum be placed too far under 
tlie weight, and tho end be too near the centre of 
pressnre, it will be without effect ; so, as hath been 
already mentioned, will it be, unless the distance from 
the fulcrum to the end of the lever he greater than from 
the fulcrum to the tongue thereof. Any one will per- 
ceive the nppliciition of this principle in the instruments 
called steelyards (staterfe) ; for when the handle of sna- 
pension, on which as a centre the beam turns, is placed 
nearer the end from which the scale hangs, and, on the 
other side of the centre, the weight be shifted to the 
different divisions on the beam, the further it is from 
the centre, the greater will be the load in the scale 
which it is capable of raising, and that through the 
equilibration of the beam. Thus, a small weight, which, 
placed near the centre, wonld have but a feeble effect, 
t power, and raise with ease a 
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rery heavy load. Thus also the steersman of a mer- 
chant ship, holding the tiller which the Greeks call 
jlof with only one hand, hy the situation of the centre 
moves it in a moment as the nature of the case requires, 
md turns the ship though ever so deeply laden. The 
rtails also, if only half mast high, will cause the vessel to 
Bail slower than when the yards are hoisted up to the 
top of the mast, hecause not then being near the foot of 
the mast, which is as it were the centre, hut at a dis- 
tance therefrom, they are acted on by the wind with 
greater force. For as, if the fulcrum be placed under 
the middle of a lever, it is but with difficulty that the 
weight is moved, and that only when the power is applied 
at the extremity of the lever, so when the sails are no 
higher than the middle of the mast, they have less effect 
on the motion of the vessel : when, however, raised to 
the top of the mast, the impulse they receive from an 
equal wind higher up, causes a quicker motion in the 
ship. For the same reason' the oars, which are made 
fast with rope to the thowls, when plunged into the water 
and drawn back by the hand, impel the vessel with great 
force, and cause the prow thereof to cleave the waves, 
if their blades are at a considerable distance from the 
centre, which is the thowl. When also loads of great 
weight are carried by porters in gangs of four or six, the 
levers are so adjusted in the middle that each porter may 
be loaded with a proper proportion of the burden. The 
middle parts of the levers for four persons over which 
the tackle passes, are provided with pins to prevent it 
sliding out of' its place, for if it shift from the centre, 
the weight will press more on the shoulders of him to 
whom it is nearest, just as in the steelyard the weight is 
shifted towards the end of the beam. Thus too, oxen 
have an equal draught when the piece which suspends the 
pole hangs exactly from the middle of the yoke. But 
when oxen are not equally strong, the method of appor- 
tioning to each his due labour is by shifting the sus- 
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pending piece so that one side of the yoke shall 

louger thuu tlie other, tttid so relieve tbe weaker 
unimal. It is tJie same iu the porters' Ic 
yokes, when the suspending tiickle is not in the centre, 
iind one arm of the lever is longer than tbe olhet, 
namely that towards wliidi the tackle has shifted ; !w 
in this case if the lever turn upon the points to whiA 
the tackle hoa slid, which now becomes its centre, th» 
longer arm will describe a portion of a larger (iirele, uii 
the shorter a smaller circle. Now as small wheels »■ 
volvo with more difBcalty than larger ones, so levMS 
and yokes press most on the side -which 18 the lea* 
diatanoe from the fiiiemm, and on the contrary tHej 
ease those who bear that arm which is at the greatest 
distance from the fulcrum. Inasmuch as all these nu- 
cbines regulate eitlier rectilinear or circular motion bj ' 
means of the centre or fulcrum, so also waggons, charioU, I 
drumwheels, wheels of carriages, screws, scoipioniiJ 
baUstffi, presses, and other instruments, for the same^ 
s produce their eEfects by means of rectilinear and 
r motions. ^^^^J 



CHAPTER IX. 

OF ENGINES FOR RAISING WATER; AND FIRST OF 

THE TYMPANUM. 

I SHALL now explain the machines for raising water, and 
their various sorts. And first the tympanum, which, 
though it r^se not the water to a great height, yet lifts 
a la^e quantity in a small period of time. An axis is 
prepared in the lathe, or at least made circular by hand, 
hooped with iron at the ends ; round the middle whereof 
the tympanum, formed of planks fitted together, is ad- 
justed. This axis rests on posts also cased with iron 
where the axis touches them. In the hollow part of the 
tympanum are distributed eight diagonal pieces, going 
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ikt>m the axis to the circumference of the tympanum, 
which are equidistant. The horizontal face of the wheel 
or tympanum is close boarded, with apertures therein 
half a foot in size to admit the water. On the axis also 
dliannels are cut for each bay. This machine, when 
moored like a ship, is turned round by men walking in 
a wheel attached to it, and, by receiving the water in the 
apertures which are in front of the wheel, brings it up 
through the channels on the axle into a trough, whence 
it is conducted in abundance to water gardens, and dilute 
salt in pits. If it be necessary to raise the water to a 
higher level, it must be differently adjusted. The 
wheel, in that case, applied to the axis must be of such 
diameter that it shall correspond with the requisite 
height. Round the circumference of the wheel buckets, 
made tight with pitch and wax, are fixed ; thus when 
the wheel is made to revolve by means of the persons 
treading in it, the buckets being carried to the top full 
of water, as they return downwards, discharge the water 
they bring up into a conduit. But if water is to be 
supplied to still higher places, a double chain of iron is 
made to revolve on the axis of the wheel, long enough 
to reach to the lower level ; this is furnished with 
brazen buckets, each holding about a gallon. Then by 
turning the wheel, the chain also turns on the axis, and 
brings the buckets to the top thereof, on passing which 
they are inverted, and pour into the conduits the water 
they have raised. 



CHAPTER X. 

OF ANOTHER SORT OF TYMPANUM, AND OF WATER* 

MILLS. 

Wheels on rivers are constructed upon the same princi- 
ples as those just described. Round their circumference 
are fixed paddles, which, when acted upon by the force 
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of the cnrrent, drive the wheel round, receive the 
in the buckets, ftud carry it to the t*>p without the aid of 
trpuding ; thus hy the mere iiopulae of the stream sap- i 
plying what is required. Water-mills are turned on the ( 
same principle, and are in all respects similar, esoept' 
that at one end of the axis they are provided witl i ' 
drum-wheel, toothed and rmmcd fast to the said axis; 
this being placed vertically on the edge turns round 
with the wheel. Corresponding with the drum-wheel i 
larger horizontal toothed wheel is placed, working on an 
axis whose upper head is in the form of a dovetail, and 
is inserted into the mill-stone. Thus the teeth of the 
drum-wheel which is made fast to the axis acting on the 
teeth of tiie horizontal wheel, produce the revolution of 
the mill-stones, and in the engine a suspended hopper 
supplying them with grain, in the same revolution tibe 
flour is produced. ^^^B 



CHAPTER Xr. 
OF THE WATER SCREW. 
There is a machine, on the principle of the screw, which 
raises water with considerable power, but not so high as 
the wheel. It is contrived as follows. A beam is pro- 
cured whose thickness, in inches, is equal to its lei^th 
in feet ; this is rounded. Its ends, circular, are then di- 
vided by compasses, on their circumference, into four or 
eight parte, by diameters drawn thereon. These lines 
must be so drawn, that when the beam is placed in an 
horizontal direction, they may respectively and horizon- 
tally correspond with each other. The whole length of 
the beam must be divided into spaces equal to one-eighth 
part of the circumference thereof. Thus the circular 
and longitudinal divisions will he equal, and the latter 
intersecting lines drawn irom one end to the other, will 
be marked hy points. These lines being accurataly 
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drawn, a small flexible ruler of willow or withy, smeared 
with liquid pitch, is attached at the first point of inter- 
section, and made to pass obliquely through the re- 
maining intersections of the longitudinal and circular 
divisions ; whence progressing and winding through 
each point of intersection it arrives and stops in the 
same line from which it started, receding from the first 
to the eighth point, to which it was at first attached. 
In this manner, as it progresses through the eight 
points of the circumference, so it proceeds to the eighth 
point lengthwise. Thus, also, fastening similar rules 
obliquely through the circumferential and longitudinal 
intersections, they will form eight channels round the 
shaft, in the form of a screw. To these rules or slips 
others are attached, also smeared with liquid pitch, and 
to these still others, till the thickness of the whole be 
equal to one-eighth part of the length. On the slips or 
rules planks are fastened all round, saturated with pitch, 
and bound with iron hoops, that the water may not injure 
them. The ends of the shaft are also strengthened with 
iron nails and hoops, and have iron pivots inserted into 
them. On the right and left of the screw are beams, with 
a cross piece at top and bottom, each of which is provided 
with an iron gudgeon, for the pivots of the shaft to turn in, 
and then, by the treading of men, the screw is made to 
revolve. The inclination at which the screw is to be 
worked, is equal to that of the right angled triangle of 
Pythagoras : that is, if the length be divided into five 
parts, three of these will give the height that the head 
is to be raised ; thus four parts will be the perpendicular 
to the lower mouth. The method of constructing it 
may be seen in the diagram at the end of the book. I 
have now described, as accurately as possible, the en- 
gines which are made of wood, for raising water, the 
manner of constructing them, and the powers that are 
applied to put them in motion, together with the great 
advantages to be derived from the use oi \kevsi. 



CHAPTER XII. 



It is now necessary to explain the maeliine of CtesibinB, 
which rflisea wnter to b. height. It is made of brass, 
and at the bottom are two buckets near each other, 
having pipes annexed in the shape of & fork, which meet 
at a basin in the middle. In the basin are valvea nicely 
fitted to the apertures of the pipes, which, closing the 
holes, prevent the return of the liquid which has been 
forced into the basin by the pressure of the air. Above 
the basin is a cover like an inverted funnel, fitted and 
fastened to it witli a rivet, that the force of ihe waWr 
may not blow it oS. On this a pipe, called a trumpet, 
is fixed upright. Below the lower orifices of the pipes 
the buckets are furnished with valves over the holes in 
theii' bottoms. Pistons made round and smoolb, and 
well oiled, are now fastened to the buckets, and worked 
from above with Lara and levers, which, by tlieir alter- 
nate action, frequently repeated, press the air in the 
pipew, and the water being prewentod from returning by 
the closing of tbe valves, is forced and conducted into 
the basin through the months of the pipes ; whence the 
force of the air, which presses it i^oinst the cover, drives 
it upwards through the pipe : thus water on a lower 
level may be raised to a reservoir, for iho supply of 
fountains.'' Nor is this the only machine which Ctesibius 
has invented. There are many others, of different sorts, 
which prove that liquids, in a state of pressure from the 
air, produce many natural effects, as those which imitate 
the voices of singing birds, and the engibita, which move 
figures tliat seem to drink, and perform other actions 
pleasing to the senses of sight and hearing. From theae 
inventions I have selected those which ai;e moat pleasing 
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and necessary, and described them in my treatise on 
dialling: in this place I confine myself to those which 
act by the impulse of water. The others, which are 
more for pleasure than utility, may be seen by the 
curious in the writings of Ctesibius. 



CHAPTER XIII. 

OF WATER ENGINES. 

I CANNOT here omit a brief explanation, as clearly as I 
can give it, of the principles on which hydraulic organs 
are constructed. A base of framed wood-work is pre- 
pared, on which is placed a brazen box. On the base, 
right and left, uprights are fixed, with cross pieces like 
those of a ladder, to keep them together ; between which 
are enclosed brass barrels with moveable bottoms, per- 
fectly round, having iron rods fixed in their centres, and 
covered with leather and wool, attached by pins to the 
levers. There are also, on the upper surface, holes 
about three inches diameter, in which, near the pin-joint, 
are brazen dolphins with chains hanging from their 
mouths, which sustain the valves that descend below the 
holes of the barrels. Within the box, where the water 
is deposited, there is a species of inverted funnel, under 
which two collars, about three inches high, answer the 
purpose of keeping it level, and preserving the assigned 
distance between the lips of the wind-chest and the 
bottom of the box. On the neck a chest, framed to- 
gether, sustains the head of the instrument, which in 
Greek is called Kavosv fji.<yva-iKoq (canon musicus) ; upon 
which, lengthwise, are channels, four in number, if the 
instrument be tetrachordal, six if hexachordal, and eight 
if octochordal. In each channel are fixed stops, that are 
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connected with iron finger-boards ; on pressing t 
which, the communication between the chest and the 
chanaels is opened. Along the channels is a range of 
holes corresponding with others on an upper table, called ^ 
Trlvai in Greek. Between this table and the canon, rulea ' 
are interposed, with corresponding holes well oiled, so 
that they may be easily pushed up and return ; they are 
called pleuritides, and ore for the purpose of stopping 
and opening the holes along the channels, which they 
do by passing backwaida and forwards. These mlea 
have iron jacks attached to them, and being united to 
the keys, when those are touched they move the rules. 
Over the table tbere ore holes through which the wind 
passes into the pipes. Rings are fixed in the rales, for 
the reception of the feet of the organ-pipes. From the 
barrels run pipes joined to the neck of the wind-chest, 
which communicate with the holes in the chest, in 
which pipes are closely fitted valves ; these, when the 
chest is supplied with wind, serve to close their orifices, 
and prevent its escape. Thus, when the levers are 
raised, the piston-rods are depressed to the bottom of the 
barrel, and the dolphins turning on their pivots, suffer 
the valves attached to them to descend, thus filling with 
air the cavities of the barrels. Lastly ; the pistons in 
the barrels being alternately r^sed and depressed with 
a quick motion, cause the valves to stop the upper holes ; 
the air, therefore, which is spent, escapes into the pipes, 
through which it passes into the wind-chest, and thence, 
by its neck, to the box. By the quick mfltion of the 
levers still compressing the air, it finds its way through 
the apertures of the stops, and fills the channels with 
wind. Hence, when the keys are touched by hand, they 
propel and repel the rules, alternately stopping and 
opening the holes, and producing a varied melody 
founded upon the rules of music. I have done my 
utmost to give a clear explanation of a complex ma- 
cbine. This has been no easj task, hot, -^fttha^a. shall 
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*1 be understood, except by those who are experienced in 
matters of this nature. Such, however, as comprehend 
but a little of what I have written, would, if they saw the 
instrument, be compelled to acknowledge the skill exhi- 
bited in its contrivance. 



CHAPTER Xn^ 

OF MEASURING A JOURNEY. 

Let us now consider an invention by no means useless, 
and delivered to us by the ancients as ingenious, and 
by means of which, when on a journey by land or sea, 
one may ascertain the distance travelled. It is as fol- 
lows. The wheels of the chariot must be four feet dia- 
meter ; so that, marking a certain point thereon, whence 
it begins its revolution on the ground, when it has com- 
pleted that revolution, it will have gone on the road over 
a space equal to twelve feet and a half. This being ad- 
justed on the inner side of the nave of the wheel, let a 
drum- wheel be securely fixed, having one small tooth 
projecting beyond the face of its circumference ; and in 
the body of the chariot let a small box be fastened, with 
a drum-wheel placed to revolve perpendicularly, and fas- 
tened to an axle. The latter wheel is to be equally 
divided, on its edge, into four hundred teeth, corre- 
sponding with the teeth of the lower drum- wheel ; besides 
the above, the upper drum-wheel has on its side one 
tooth projecting out before the others. Above, in another 
enclosure, is a third horizontal wheel toothed similarly, 
and so that the teeth correspond with that tooth which is 
fixed to the side of the second wheel. In the third wheel 
just described are as many holes as are equal to the 
number of miles in an usual day's journey. It does not, 
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however, signify, if they be more or lees, 
holes let small balls be placed, and in the bos or linmg 
let a hole be made, having a channel, through which 
each ball may fall into the box of the chariot, and the 
brazen vessel placed under it. Thus, as the wheel 
proceeds, it acts on the first drum-wheel, the tooth of 
which, in every revolution, striking the tooth of the 
upper wheel, causes it to move on ; so that when the 
lower wheel has revolved four hundred times, the upper 
wheel has revolved only once, and its tooth, which ia on 
the side, will have acted on only one tooth of the hori- 
zontal wheel. Now as in four hundred revolutions of 
the lower wheel, the upper wheel will only have turned 
round once, the length of the journey will be five 
thousand feet, or one thousand paces. Thus, by the 
dropping of the balls, and the noise they make, w« 
know every mile passed over; and each day one may 
ascertiun, by the number of halls coUected in the bottom, 
the number of miles in tbe day's joumpy. In iisivi^ntinn, 
with very little change in the machinery, the same thing 
may be done. An axis is fixed across the vessel, whose 
ends project beyond the sides, to which are attached 
wheels four feet diameter, with paddles to them touch- 
ing the water. That part of the axis within the vessel 
has a, wheel with a single tooth standing out beyond its 
fece ; at which place a box ia fixed with a wheel inside it 
having four hundred teeth, equal and correspondent to 
the tooth of the first wheel fixed on the axis. On the 
side of this, also, projecting from its face, is another 
tooA. Above, in another box, is enclosed another hori- 
sontal wheel, also toothed, to correspond with the tooth 
that is fastened to the side of the vertical wheel, and 
vhich, in every revolution, working in the teeth of the 
horizontal wheel, and striking one each time, causes it to 
turn round. In this horizontal wheel holes are made, 
wherein the round balls are placed; and in the box of 
the wheel ia a hole with a channel to it, through which 
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the ball descending without obstruction, falls into the 
brazen vase, and makes it ring. Thus, when the vessel 
is on its way, whether impelled by oars or by the wind, 
the paddles of th6 wheels, driving back the water which 
comes against them with violence, cause the wheels to 
revolve, whereby the axle is also turned round, and 
consequently with it the dnmi-wheel, whose tooth, in 
every revolution, acts on the tooth in the second wheel, 
and produces measured revolutions thereof. Wherefore, 
when the wheels are carried round by the paddles four 
hundred times, the horizontal wheel will only have 
made one revolution, by the striking of that tooth on the 
side of the vertical wheel, and thus, in the turning 
caused by the horizontal wheel every time it brings a 
ball to the hole it falls through the channel. In this 
way, by sound and number, the number of miles navi- 
gated will be ascertained. It appears to me, that I have 
completed the description in such a manner that it will 
be easy to comprehend the structure of the machine, 
which will afford both utility and amusement in times 
of peace and safety. 



CHAPTER XV. 

OF CATAPULTJE AND SCORPIONS. 

I SHALL now proceed to an explanation of those instru- 
ments which have been invented for defence from 
danger, and for 'the purposes of self-preservation ; I 
mean the construction of scorpions, catapultse, and 
balistfle, and their proportions. And first of catapultsB 
and scorpions. Their proportions depend on the length 
of the arrow which the instrument is to throw, a ninth 
part of whose length is assigned for the sizes of the holes 
in the capitals through which the cords are stretched, 
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that retain the nmis of the cfttapnlto. ThB' 

width of Uie holes in the capital ai-e thus fashioned. 
The plates (tabula)) which are at the top und bottom of 
the capital, and which arc called parallels (paralieli) are 
equal in thiclvDess to one hole, in width to one and 
three-quarters, and at their eitremitiea to one hole and 
a half. The side posts (parastata) right and left, exclu- 
Bive of the tenons four holes high and five thick, the 
tenons three-quarters of a hole. From the hole to Uio 
middle post also three-quarters of a hole, the width of 
the middle post one hole and a quarter, its thickness one 
hole. The space wherein the arrow is placed in the 
middle of the post, tho fourth part of a hole. The four 
angle pieces which appear on the sides and front, ore 
Btrengthened with iron hoops fastened with copper or 
iron nails. The length of the channel which is called 
arpi^ in Greek, is nineteen holes. That of the slips 
(regulie) which lie on the right and left of the channel, 
and which some persons call bueculje, is also nineteen 
holes, their height and width half a hole. Two other 
slips arc fixed for attaching the windlass, three holes 
long and half a hole wide. The thickness of a slip is 
called camillum, or according to others the dove-tailed 
box, and is of the dimension of one hole, its height half 
a hole. The length of the windlass is eight holes and 
an eighth. The roller nine holes wide. The length 
of the epitoxis ia three-quarters of a hole, and its thick- 
ness one-quarter. The chelo or manucia is three holes 
long, its length and thickness three-quarters of a hole. 
The length of the bottom of the channel sixteen holes, 
its width and thickness each three-quarters of a hole. 
The small column (columella) with its base near the 
ground eight holes, the breadth of the plinth in which 
the small column is fixed three-quarters of a hole, its 
thickness three- twelfths. The length of the small 
column up to the tenon twelve holes ; three-quarters of 
g hole wide, and five-sixthB of a hole thick. The three 
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braces are nine holes long, half a hole wide, and a sixth 
of a hole thick ; the length of the tenon one hole. The 
length of the head of the small column is one hole and 
three-quarters. The width of the fore-piece (antefixa) 
is three-eighths of a hole, its thickness one hole. The 
smaller hack column, which in Greek is called oArrCPaxrvs, 
is eight holes long, one hole and a half wide, and three- 
twelfths of a hole thick. The hase (suhjectio) is twelve 
holes, and its hreadth and thickness the same as that of 
the smaller column. The chelonium or pillow as it is 
called, over the smaller column, two holes and a half ; 
also two holes and a half high, and one hole and three- 
quarters wide. The mortices (carchesia) in the axles are 
two holes and a half; their thickness also two holes and 
a half, and their width one hole and a half. The length 
of the transverse pieces with the tenons is ten holes, 
their width one hole and a half, their thickness ten holes. 
The length of the arm is seven holes, its thickness at 
bottom three-twelfths, and at top half a hole. The 
curve part eight holes. All these proportions are appro- 
priate ; some, however, add to them, and some diminish 
them ; for if the capitals are higher than the width, in 
which case they are called anatona, the arms are short- 
ened : so that the tone being weakened hy the height of 
the capital, the shortness of the arm may make the stroke 
more powerful. If the height of the capital be less, in 
which case it is called catatonum, the arms must be 
longer, that they may be the more easily drawn to, on 
account of the greater purchase ; for as a lever four feet 
long raises a weight by the assistance of four men, if it 
be eight feet long, two men will raise the weight ; in 
like manner arms that are longer are more easily drawn 
to than those that are shorter. 



CHAPTER XVI. 

OF THE CONSTRUCTION OF THE BALISTA. ■ 

I HAVE explained the structure of cutapnltse, their parts 
and proportions. The constnictiona of balistre are va- | 
rioas and diSercnt. though contrived to produce similar 
effects. Some of these are worked by windlasses, others 
by systems of pulleys, others by Cflpstans, and others by 
wheels : no balista, however„is made without regard to 
the weight of the stones it is intended to throw. Hence 
the rules will only be understood by those who are ac- 
quainted witli arithmetical numbers and their powers. 
For instance, holes are made in the capitals, and through 
them [ue brought the cords, made cither of woman's 
hair, or of gut, which are proportioned to the weight of 
the stone that the balista is to throw, as in the catapulbB 
the proportions are derived from the length of the arrow. 
But that those who are not mnstei-s of geometry and 
arithmetic, may be prepared against delay on the occa- 
sions of war, I shall here state the results of my own ex- 
perience as well as what I have learnt from masters, 
and shall explain them, by reducing the Greek measures 
to their correspondent terms in our own. 



CHAPTER XVII. 

OF THE rEOPORTIONS OF THE BAUSTA. 

A BALISTA capable of throwing a stone of two pounds 
should have the hole (foramen) in the capital five digits 
wide ; for a stone of four pounds, sis digits ; for a ston6 
of six pounds, seven digits ; for a stone of ten pounds, 
eight digits ; for a stone of twenty pounds, t«n digits : 
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for a stone of foiiy pounds, twelve digits and nine-six- 
teenths ; for a stone of sixty pounds, thirteen digits and 
one-eighth ; for one of eighty pounds, fifteen digits ; for 
one of one hundred and twenty pounds, one foot and a 
half and a digit and a half ; for one of a hundred and 
sixty pounds, two feet ; for one of a hundred and eighty 
pounds, two feet and five digits ; for one of two hundred 
pounds, two feet and six digits ; for one of two hundred 
and ten pounds, two feet and seven digits : and lastly, 
for one of two hundred and fifty pounds, eleven feet and 
a half. Having thus determined the size of the hole, 
which in Greek is called Trc/MTpiyros, a sight hole (scutula) 
is described two holes and a quarter in length, and t\\^o 
holes and one-sixth wide. Let the line described be 
bisected, and when so bisected, let the figure be obliquely 
turned till its length be equal to one-sixth part, and its 
width on which it turns that of the fourth part of a hole. 
In the part where the curvature is, at which the points 
of the angles project, and the holes are turned, the con- 
tractions of the breadth return inwardly, a sixth part. 
The hole must be as much longer as the epizygis is 
thick. When it has been described, the extremity is to 
be so divided that it may have a gentle curvature. Its 
thickness must be nine-sixteenths of a hole. The stocks 
are made equal to two holes and a quarter, the width to 
one hole and three-quarters, the thickness, exclusive of 
that part which is inserted into the hole, one hole and a 
half; the width at the extremity, one hole and a six- 
teenth ; the length of the side posts, five holes and nine- 
sixteenths ; the curvature one-half of a hole, the thick- 
ness four-ninths ; in the middle the breadth is increased 
as it was near the hole above described ; its breadth and 
thickness are each five holes ; its height one-quarter of 
a hole. The length of the slip on the table is eight 
holes, and it is to be half a hole wide and thick. The 
length of the tenon two holes and a sixth, and its thick, 
ness one hole : the curvature of the slip is to be one-six- 
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teentb and five-quarters of a Nixteeuth ; the breodtli 
thiclcnesB of the esterior slip the same ; its length will Ija 
fonnd by the turning, and the width of the side post and 
its curvature one-sixteenth : the upper are equal to ths 
lower slips, that is one-sixteenth i the traosverae piecesi 
of the table two-thirds and one-sixteenth of a hole : the 
length of shaft of the smull ladder <climacis) thirteen 
holes, its thickuess three-sixteenths ; the breadth of the 
middle interval is a quarter of a hole, its thickness Gve- 
thuif-seeonds of a hole : the length of the upper part of 
the clioiacis near the anna, where it is joined to the 
table, is to he divided into five pai-ts ; of these, two are 
given to thut part which the Greeks coll ^(ijXos (the ehest), 
the width one-sL\teenth, the thickness one-quarter, the 
length three holes and an eighth, the projecting piu't of 
the chest half a hole. The pteregoma (or wing), one- 
twelfth of u hole and one sicilicus. The large uxisi 
which is called the cross ii'ont, is three holes ; the width 
of the interior slips, one-sixteenth of a hole; its thickness 
five-forty-eighths of a hole : the cheek of the chest serves 
to cover the dove-tail, and is a quarter of a hole : the 
shaft of the climacis five-sixths of a hole and twelve holes 
and a quai-ter thick : the thickness of the square piece 
which reaches to the climacis is five-twelfths, at its ends 
one-sixteenth : the diameter of the round axis must ba 
equal to' the chelos, but neiur its turning points three- 
sixteenths less. The length of the spur is one-twelfth 
and three-quarters ; its width at bottom one -sixteenth, 
and its width at top a quarter and one-sixteenth. The 
base, which is called laxapa, is a ninth of a hole long ; 
the piece in front of the base (antibasis) foar holes and 
one-ninth ; the width and thickness of each are U> 
be the ninth of a bole. The half column is a quarter of 
a hole high, and its width and thickness half a hole ; aa 
to its height, that need not be proporljoned to the hole, 
but made, however, of such size as may be fit for the pur- 
pose. Of the arm the length will be six holes, its thick- 
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ness at bottom half a hole ; at the bottom one-twelfth of 
a hole. I have now given those proportions of the cata- 
pultSB and baUstse, which I consider most useful ; I shall 
not, however, omit to describe, as well as I can by 
writing, the manner of preparing them with cords 
twisted of gut and hair. 



CHAPTER XVIII. 

OF THE PREPAEATION OF THE BAUST^E AND 

CATAPULTJE. 

Beams of considerable length must be procured, upon 
which are fixed cheeks in which the axles are retained ; 
in the middle of those beams holes are made, into which 
are received the capitals of the catapultse, well tightened 
with wedges, so that the strain will not move them. 
Then brazen stocks are fixed for the reception of the 
capitals, in which are the small iron pins which the 
Greeks call cTrtoxtScs. The ends of the ropes pass 
through the holes of the capitals, and brought through 
on the other side, they are then passed round the axle of 
the windlass, which is turned by the aid of levers, till 
the ropes, both drawn tight, give the same tone when 
struck by the hand. Then they are confined at the 
holes with wedges, to prevent their slipping. Being 
passed through to the other side, they are in a similar 
way tightened by the levers and axles till the tones are 
similar. Thus by the use of the wedges, catapultsB are 
adjusted, according to the effect of musical tones on the 
ear. 




CHAPTER XIX. 

OF MACHINES FOR ATTACK. 

I HATE SEiid as much as I could on these laatters ; 
remains tor me to treat of those things relating to U- 1 
tacks, namely, of those machines with which generals 
take and defend cities. The first engine for attack wag 
the ram, whose origin is said to have been as follows. 
The Carthaginians encamped in order to besiege Cadis, 
and having first got possession of one of the towere, they 
endeavoured t« demolish it, but having no machines fit 
for the purpose, they took a beam, and suspending it in 
their hands, repeatedly battered the top of the wall with 
the end of it, and having first thrown down the upper 
cotirses, by degrees they destroyed the whole fortress. 
Aft«r that, a certain workman of Tyre, of the name of 
Pephasmenos, turning his attention to the subject, 
fixed up a pole and suspended a cross piece tborefrom 
after the method of a steelyard, and thus swinging it 
backwards and forwards, levelled with heavy blows the 
walla of Cadiz. Getras the Cholcedonian, was the first 
who added a base to it of timber moveable on wheels, 
and covered it with a roof on upright and cross pieces ; 
on this he suspended the ram, covering it with balls' 
hides, BO that those who wore employed therein in bat- 
tering the walls might, he secure from danger. And 
inasmuch as tlie machine moved but slowly, they called 
it the tortoise of the ram. Such was the origin of thia 
species of machines. But afterwards, when Philip, the 
son of Amintas, besieged Bynantiiun, Polydus the Thes- 
salian used it in many and simple forms, and by him 
were instructed Diodes and Chscreas, who fought under 
Alexander. Diades has shown in his writings that he 
was the inventor of ambulatory towers, which he caused 
to be carried fi'om one place to another by the army, in 
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pieces, as also of the auger and the scaling machine, bj 
which one may step on to a wall ; as also the grappling 
hook, which some call the crane (grus). He also used a 
ram on wheels, of which he has left a description in 
writing. He says that no tower should be built less than 
sixty cubits high, nor than seventeen wide, and that its 
diminution at top should be one-fifth of the width of 
the base : that the upright pieces of the tower should 
be one foot and three-quarters at bottom, and half a foot 
at top : that it should contain ten floors, with windows 
on each side. That the greatest tower that is constructed 
may be one himdred and twenty cubits high, and twenty- 
three and a half wide, diminishing at the top one-fifth 
of its base ; the upright piece one foot at bottom, and 
half a foot at top. The large tower is made with twenty 
floors, and to each floor there is a parapet of three cubits, 
covered with raw hides to protect it from the arrows. 
The construction of the tortoise ram is similar : it was 
thirty cubits wide, and, exclusive of the roof, sixteen 
high. The height of the roof from the eaves to the 
ridge, seven cubits. On the top thereof in the centre 
rose a small tower, not less than twelve cubits wide : 
it was raised with four stories, on the upper of which 
the scorpions and catapultsB were placed, and in those 
below was kept a large store of water, to extinguish the 
flames in case it should be fired. In it was placed the 
machine for the ram, which the Greeks call KpioBoiai, 
wherein was the round smooth roller on which the ram 
worked backwards and forwards by means of ropes, and 
produced great effect. This, like the tower, was covered 
with raw hides. He describes the auger (terebra) thus : 
the machine is made like a tortoise, as in those for the 
reception of the catapultsB and balistse, and in the 
middle thereof is a channel on the pilasters fif .y cubits • 
long, one high, and across it an axle. In front, on 
the right and left, are two pulleys, by means of which 
is moved a beam with an iron point at its end^ whidL 
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works in tlie ch&imol. Under the chaimel are rollen, 1 

which give it an easier and stronger motion. Above the I 
beam an arch ia turned to cover tlie channel, and receite 
the raw hides with which the machine is covered. 1 i 
do not describe the grappling machine, because I t 
aider it of very little use. 1 pei-ceive that he only ] 
promises to explain, which however he does not do, 
the construction of the ladder called iTrt0d6pa by tha 
Greeks, and the other marine machines for boarding 
ships. Having described the construction of the ma- 
chines as Diades directs, I shall now explain it in a 
way that I think will be usefal, and as taught me by my 
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CHAPTER XX. 

OF THE TOBTOISE FOR FILLING DITCHES. 

The tortoise contrived for filUng up ditches, which also 
affords an access to the walls, is thus made. A base, 
called by the Greeks iayipa, is prepared twenty-five feet 
square, with four cross pieces. These are tied in by 
two other pieces, one-twelfth high, and one-half wide, 
distant from each other about a foot and a half, and 
under each of their intervals are placed the naves of 
wheels, called in Greek a/io^orroSts, within which the 
axles of the wheels turn in iron hoops. The naves are 
so made thai they have holes in their heads, in which 
the handspikes being received, are made to turn them. 
The naves thus revolving, it may he moved forward or 
backward, to the right or left, or diagonally, as wanted. 
Above the base are placed two beams, projecting six feet 
on each side ; round the projections of which two other 
beams are fised in front, seven feet hin(^, and. their width 
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and thickness as described for the base. Upon this 
frame which is to be morticed, posts are placed, nine 
feet high, exclusive of their tenons, one foot and a palm 
square, and a foot and a half distant from each other. 
These are tied in at top by means of morticed beams. 
Above these beams are braces, with tenons, the end of one 
being let into the next to the height of nine feet, and 
over the braces is a square piece of timber, by which 
they are connected. They also are kept together by side 
pieces, and are covered with planks of palm, in prefer- 
ence to other wood : if those are not to be procured, by 
other wood of a strong nature, pine and ash, however, 
excepted ; for they are weak and easily ignited. About 
the planking are placed gratings, made of slender twigs 
recently cut, and closely interwoven ; and then the whole 
machine is covered with raw hides, as fresh as can be 
procured, doubled and stuffed with seaweed or straw 
steeped in vinegar, in order that it may resist the strokes 
of the balistse and the attacks of fire. 



CHAPTER XXL 

OF OTHEK SORTS OF TORTOISES. 

There is another species of tortoise, which is just the 
same as that above described, except in respect of the 
braces. This has a parapet and battlements of boarding, 
and above, an inclined pent-house roimd it, tied in at top 
with plank and hides firmly fastened. Over these is a 
layer of clay with hair, of such thickness as to prevent 
the machine taking fire. These machines may be made 
with eight wheels, if need be, and if the nature of the 
place require it. The tortoises made for undermining, 
called by the Greeks o/wycs, are similar to those already 



described ; bnt their fronts are formed on a triangular ' 
plan, BO that the weapons from the wail may not &11 
dirfct ou the faces, hut gliding off from them, the excu- 
vators within may be secure from dimger. It does not 
appear to me foreign to our purpose to explain the pro- 
portions and constructions of the tortoise made by AgetoT 
the Byzantine. Its base waa sixty feet long, its width 
eighteen. The upright pieces which rose above the 
framing, were four in number ; they were in two lengths, 
joined, each thirty-six feet high, one foot and one palra 
in thickness, and in width one foot and a half. The 
base had eight wheels, on which it was moved ; their 
height was six feet and three-quarters, their thickness 
three feet, composed of three pieces of wood dove-tailed 
together, and tied with plates of cold wi^ught iron. 
These turned on naves, or hama.^opodes, as they aie 
called. Above the surface of the cross pieces whit^ 
were on the base, upright posts were erected, eighteen 
feet and >i qiuirter hijirh. three-quiirteis wide, and three- 
twelfths thick, and one and three-quai'ters apart. Above 
them were beams all round, which tied the macliine to- 
gether; they were one foot and a quarter wide, and fhree- 
quai'ters thick. Over these the braces were placed, and 
were twelve feet high. Above the braces was a beam 
which united the framing. They had also aide pieces 
fixed transversely, on which a floor, running round them, 
covered the parts below. There was also a middle floor 
above the small beams, where the scorpions and eat* 
pultffi were placed. Two upright pieces were also 
raised, joined together, thirty-five feet long, a foot and a 
half thick, and two feet wide, united at their heads, 
dove-tailed into a cross beam, and by another in the 
middle, morticed between two shafts and tied with iron 
hooping, above which were alteraate beams between the 
uprights and the cross piece, firmly held in by the 
cheeks and angle pieces. Into the framing were fixed 
two round and smootk tisleB, to wbv<ih. vere fostened the 
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ropes that held the ram. Over the heads of those who 
worked the ram was a pent-house, formed after the 
manner of a turret, where two soldiers could stand se- 
cure from danger, and give directions for annoying the 
enemy. The ram was one hundr^ and six feet long, a 
foot and a palm wide at the butt, a foot thick, tapering 
towards the head to a foot in width, and five-eighths in 
thickness. It was furnished with a hard iron beak like 
those fixed on galleys, from which went out four iron 
prongs about fifteen feet long, to fix it to the beam. 
Moreover, distributed between the foot and the head of 
the beam, four stout ropes were stretched eight inches 
thick, made fast like those which retain the mast of a 
ship between the poop and the prow. To these were 
slung others diagonally, which suspended the ram at the 
distance of a palm and a foot from each other. I'he 
whole of the ram was covered with raw hides. At the 
further end of the ropes, towards the head, were four 
iron chains, also covered with raw hides, and it had a 
projection from each floor, framed with much skill, which 
was kept in its place by means of lai'ge stretched ropes, 
ihe roughness of which preventing the feet from slipping, 
made it easy to get thence on to the wall. The machine 
could be moved in six directions, straight forward, to the 
right and left, and from its extent it could be used on 
the ascending and descending slope of a hill. It could, 
moreover, be so raised as to throw down a wall one 
hundred feet in height : so, also, when moved to the 
right and left, it reached not less than one hundred feet. 
It was worked by one hundred men, and its weight 
was four thousand talents, or four hundred and eighty 
thousand pounds. 



CHAPTER XXII. 

OF MACHINES FOR DEFENCE. 

1 HAVE explained what I thought most requisite » 
Bpecting scorpionfi, cutapultiD, bfllistje, and also tortoiMS 
and lowers, who invented them, and in what manner 
they ought to be made. It did not seem necGssary to 
writJ? on ladders, cranes, and other things of simpler con- 
fitructioo ; these the soldiers of themselves easily make. 
Neither are they usefiil in all places, nor of the same 
proportions, inasmuch bk the defences and fortificationa 
of different cities are not similar : for machines cod- 
stmcted to assault the bold and impetuona, should he 
differently contrived to those for attacking the eraJ^,. 
and still dissimilar, where the parties are timid. Who- 
ever, therefore, attends to these precepts, will be able IQ 
select from the variety mentioned, and design safely, 
without furlluT aid, such new schemes ns the n:iture of 
the places and other circumstances may require. For 
the defence of a place or army, one cannot give precepis 
in writing, since the machines which the enemy prepare 
may not be in consonance with our rules ; whence often- 
times their contrivances ai'e foiled by some ready inge- 
nious plan, without the assistance of machines, as was 
the case with the Rhodians. Diognetus was a Rhodion 
architect, who, to hia honour, on account of his great 
skill, had an annual fixed salary. At that period, an 
architect of Aradus, whose name was Callins, come to 
Rhodes, obtained an audience, and exhibited a model of 
a wall, whereon was a revolving crane, by means whereof 
he could suspend uu Helepolis near the spot, and swing 
it within the walls. The wondering Rhodians, when 
tbey suw it, took away the salaiy from Dio^jnotus, and 
conferred it on Catlias. Immediately after this, king 
Demetrius, who,from hia resolulAoUiWessira&m^ Polior- 
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eetes, prepared to wage war against the Khodians, and 
bronglit in his train Epimachus, a celebrated architect of 
Athens. This person prepared an helepolis of prodigious 
expense and of ingenious and laborious construction, 
whose height was one hundred and twenty-five feet, and 
its width sixty feet : he secured it, moreover, with hair- 
cloths and raw hides, so that it might securely withstand 
Hie shock of a stone of three hundred and sixty pounds 
weight, thrown from a balista. The whole machine 
weighed three hundred and sixty thousand pounds. 
Callias being now requested by the Khodians to prepare 
lis machine against the helepolis, and to swing it within 
the wall, as he had promised, confessed he was unable^ 
For the same principles do not answer in all cases. In 
some machines the principles are of equal effect on a 
Iai;ge and on a small scale ; others cannot be judged of 
by models. Some there are whose effects in models 
seem to approach the tnith, but vanish when executed on 
a larger scale, as we have just seen. With an auger, a 
hole of half an inch, of an inch, or even an inch and a half, 
may be easily bored ; but by the same insti'ument it 
would be impossible to bore one of a palm in diameter ; 
Bud no one would think of attempting in this way to bore 
one of half a foot, or larger. Thus that which may be 
effected on a small or a moderately large scale, cannot be 
executed beyond certain limits of size. When the Kho- 
dians perceived their error, and how shamefully they had 
wronged Diognetus; when, also, they perceived the 
enemy was determined to invest them, and the machine 
approaching to assault the city, fearing the miseries of 
slavery and the sacking of the city, they hiunbled them- 
selves before Diognetus, and requested his aid in behalf 
of Ms country. He at first refused to listen to their en- 
treaties ; but when afterwards the comely virgins and 
youths, accompanied by the priests, came to solicit his. 
aid, he consented, on condition that if he succeeded in 
taking the machine, it should be his own proijerty. Tla.\a. 
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leing agreed to, he ordered a hole to be made in tbaC 
part of the wall opposite to the machme, and gave general 
as well as particular notices to the inhabitants, to throw 
on the other side of the hole, through channels made for 
the purpose, all the water, filth, and mud, that could be 
procured. These being, during the night, discharged 
through the hole in great abundance, on the following 
day, when the helepolis was advanced towards the waU, 
it sunk in the quagmire thus created : and Demetrius, 
finding himself overreached by the sagacity of Diognetns, 
drew off his army. The Ehodians, freed fi-om war by 
the ingenuity of Diognetus, gave him thanks publicly, 
and loaded him with honours and ornaments of distinc* 
tion. Diognetus afterwards removed the helepolis within 
the walls, placed it in a public situation, and inscribed it 
thus : ** Diognetus presented this to the people out 
OP THE spoils of WAR." Houce, in defensive operations, 
ingenuity is of more avail than machines. A similar 
circumstance occurred at Chios, where the enemy had 
got ready sambucse on board then* ships ; the Ghians, 
during the night, threw into the sea, at the foot of their 
wall, earth, sand, and stones ; so that when the enemy, 
on the following day, endeavoured to approach it, the ships 
got aground on the heaps thus created under water, 
without being able to approach the wall or to recede ; in 
which situation they were assailed with fiery missiles, 
and burnt. When, also, the city of ApoUonia was be- 
sieged, and the enemy was in hopes, by undermining, 
to penetrate into the fortress unperceived; the spies 
commimicated this intelligence to the ApoUonians, who 
were dismayed, and, through fear, knew not how to act, 
because they were not aware at what time, nor in what 
precise spot, the enemy would make his appearance. 
Trypho, of Alexandria, who was the architect to the city, 
made several excavations within the wall, and, digging 
ihrough, advanced an arrow's flight beyond the walls. 
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^ In these excavations he suspended brazen vessels. In 
^ one of them, near the place where the enemy was forming^ 

- liiB mine, the brazen vessels began to ring, from the 
: Hows of the mining tools which were working. From 

this he found the direction in which they were endea- 
vouring to penetrate, and then prepared vessels of boiling 
water and pitch, human dung, and heated sand, for the 
i purpose of pouring on their heads. In the night he 

- bored a great many holes, through which he suddenly 
; poured the mixture, and destroyed those of the enemy 
: that were engaged in this operation. Similarly when 
\ Marseilles was besieged, and the enemy had made more 
i than thuiy mines ; the Marseillois suspecting it, lowered 
^ the depth of the ditch which encompassed the wall, so> 
'•■ that the apertures of all the mines were discovered. In 
' those places, however, where there is not a ditch, they 
\ excavate a large space within the walls, of great length 
* and breadth, opposite to the direction of the mine, which 
f thej fill with water from- wells and from the sea ; so that 

when the mouths of the mine open to the city, the water 
rushes in with great violence, and throws down the 
struts, overwhelming all those within it with the quantity 
of water introduced, and the falling in of the mine. 
When a rampart composed of the trunks of trees is 
raised opposite to a wall, it may be consiuned by dis- 
eharging red hot iron bars against it from the balistse. 
When, also, a tortoise is brought up to batter a wall with 
a ram, a rope with a noose in it may be lowered to lay 
bold of the ram, which being then raised by means of a 
wheel and axle above, keeps the head suspended, so that 
it cannot be worked against the waU : lastly, with burn- 
ing arrows, and with discharges from the balistse, the 
whole machine may be destroyed. Thus all these cities. 
are saved and preserve their freedom, not by machines^ 
but by expedients which are suggested through the 
ready ingenuity of their architects. I have, in this book^ 
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to the best of my ability, described the 
those mochineB most useful in peace and war. In lie 
pi-eeediDg nine I tvented of the other branches of Archi- 
tecture, so thnt ihe ivhole subject is contained in tea 
books. 
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PLATE L 
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Fig. 1. Ib a diagram of the winds, us enumerated iu 
Chapter in. Book I. 
S and 3. Are ropresetitaticins of ancient bricks, 
whereof Fig. 3. is that of the pentjidoron 
and its half hriek, imd Fig. 3. that of the 
tetradoron and its half biick. See Chapter 

in. Book n. 

4. Bepresents the di^rent sorts of brick and Btoue 
walhng, mentioned by the author in the third 
and eighth Chapters of the second Book. . 

A. The reticulated -woi-k (reticalatum opus). 1 

B. Tho uncei-toin {incertum opns), 

C. Tho work called isodomum. 

D. The work called pseudisodomnm. 

E. The work called ifnrXtKrov (emplectiun). 

F. The Sua^foi or bond stones. 
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PLATE II. 
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PLATE n. 

Fig. 1. The jilan of a city, so set out as to ail 
shelter from tlie noxtons winds! See Chiq 
VI. Book I. 
2 and 3. Plan autl elevation of a pai't of the wi 
See Chapter V. Book I., and Chapter 
Book Vr. 
4. Method of deteimining the meridian line. 
Chapter VI. Book I. 



Fig. 1. Is the plnii of a Tcmplo in aaitis. a a are tl 
imtEe. If iu front of tlicm, the coluums b 
b b be placed, it then becomes a prostyle 
temple. I 

A. is the cell. 

B. the proiiaoa. 
0. the door. 

See Chapters I. and U. Book III, 
Fig. 2. Eepi'esenta the plan of an nmphiprostyle Tem- 
ple, or one having columns in the rear as well 
as in the front.' 

A. the cell. 

B. the pionaoa. 

C. the posticus. 

D. the door, 
a a, antie. 

See Chapters I. and II. Book III. 
Fig. 3. The elevation of a diastyle teti-astylos Temple: 
that is, having intercolumniatious of three 
diameters, with four columns in front. See 
Chapters I. and II. Book III. This elevation 
will answer to the plans above described, oh- 
sei-ving however, that antie must be substi- 
tuted for the external colunms, to make it 
correspond with the plan of Fig. 1. 
See Chapters I. and II. Book III. 
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PLATE IV. 



Fig. 1, Is Uie plan of a Temple, whicli the aatlior Edj's 
may be called paeudodipternl, as described 
in Chapter VII. Book IV. 

A. the cell. 

B. the pronaos. 

Fig. 2. Is tho clovatioii of itii hcxasLjIe Temple with a 
sy stylo ijitcrcoluamialjoii, monotijgljphal, 
tiiat is having only one triglyph in the frieze 
over an intercolnmniation. This will Euit 
the plan exhibited in Fig. 1. 
See Chapter lU. Book IV. 
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PLATE V. 




g. 1. 'The ptau of a peripternl temple, 

or passfigC3 lictwcen tho walla of Uie a 

aiid the columns in flank, oro tho oi'igin 

^K the name it l)ear8. Tikis t«mplo is liGxast; 

^^h 01' wiUi six columns in front, having eas\ 

^^^ iutercolumniationa, that is of two dJMncl 

and a quarter. 

A. the cell. 

B. the pronaos. 

2. Elevation to double size of the plan ahovc 
scribed, of the Ionic order. 
a a Lt acroteria. 

See Chaptere I. II. and IH. Book in. 
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PLATE VI. 




Is the plan of a dipteral templo, go called from 
the doaUe passages between the columns on 
the flanks lettered AAAA. See ChapterG I. 
and n.. Book HI. 

Plan of a pscudodipterol or false dipteral teiQ' 
pie. This presents iu front and I'ear lie 
appearance of a dipteral temple, but the pu-: 
sages AAAA of the former figure are hereia 
reduced to a single pnssoge B, one range of 
coliutmB being omitted. See Chapters I. and 
II. Book III. 

Is SD elevatioii which answers to either of the 
above mentioned plans : tiie arrangement of 
the intercolumniations is sjstyle and the 
nttmber of colnmns makes it octast^los. See 
Chapters I. and II. Book m. 
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PLATE VII. 




PLATE Vn. 



Fig. 1. Is tlie plan of an hypietiiral or open ten 
iJie part A is the hyptethral, or mic(n 
part. 

9. Is half of an elovalion answerinjT to the al 
mentioned plan. The arntDgemeut of 
intei'columniations is picnost^le, and 
number (ten) of the colomns make 
decastylos. 

S. Is a half section of the temple through 
centre transversely. 
See Chapters I. and II. Book IIL 
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PLATE VIII. 
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PLATK Yin. ^^^1 


[.I. The Doric Oi-der. 


Chapter IIL Book l\. 


A.A. Tho Column 


, with twenty flut«s. 


B. 


The Capilal. 




C. 


The Ai-chitrave 


, or Epistylium. 


D. 


The Frieze. 




E. 


The Cornice. 




F. 


A Metopa. 




G. 


A Triglyph- 




H. 


Cnpital of a Triglyph. 


f. St. Tlie Ionic Order. 


Chapter HI. Book UI. 


A.A. The Column. 




B. 


The Base. 





C. The Ciipital. 

D. The Architrave. 

E. The Frieze. 

F. The Cornice. 

G. Lower Fascia. 
H. Middle Fascia. 
I. Upper Fascia. 

K. Side elevation of Capital. 

L.L. Dentels. 

M. Capital to a larger scale. 

Corinthian Order, Chapter I. Book IV, 

The plan of the Coriuthiau Gapitid. 

The Elevation of the same. 
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Fig. 1. Mid 2. Exhibit tlie parts of a Eoof in secUon 
oud Gle\-ation as described in Cliapter II. 
Book IV. 
a a. Beams (Ti-abes). 
b b. Eidge piece (Colnnien). 
c. King post (Colimina). 
d d d. Tje beam (Transtmm). __Jl 

e. Strut (Capreolua). ^^H 

ff. Baft£r& (Cantherii). ^H 

g g g g. PurlJiics (Tcmpla). ^^* 

h h. Common Euiturs (Asscros). 
The above letters refer to both Figures 1. and 
3. On the right hand part of the latter Fi- 
gure the tiles are shoivn. 
JFig. 3. and 4. Ai-e doors with their oraimients (Ante- 

pagmeuta). Chapter VL Book IV. 
Fig. S. The Tuscan Order. See Chapter VII. Book 
IV. 



Fig, 1. and 2. Exhibit the pai'ts of tt Eoof in secdoD 
anil elevatioa as (Tt'scribed in Chapter II. 
Book rv. 

a a. Beiuns (Trabea), 

b b. Eidge piece (Columen). 

c. King post (Colnmna). 

d d d. Tye beam (Trimstnim). 

e. Btinit (Capreolns). 

f f. Etiftera (Cantierii). 

g g g g. Purliiics (Templa). 

li h. Common Rafters (Asseres). 

Tfao above letters refer to both Fignres 1. luid 
3. On the rigrht hand pai't of the latter Fi- 
gure the tiles ai'e shown. 
Fig, 3. and i. Are doors with their ornamenta (Anif- 

pagmenta). Chapter VI. Book IV, 
Fig. 5. The Tuscan Order. See Chapter VII. Book 
IV. 
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PLATE X 



_Fig. 1. Is a plan of a Tuscan Temple. Chapter VH. 

■ Book IV, The side A shows it in antia, the 

Bide B shows it prostylos. 
^ C. is the larger, and DD. the smaller cells. 

Fig. S. Represents the elevation of the preceding Fi- 
gure. The arrangement of the intercolmn- 
niations is Arieostylos. 
Fig. 3. Is a plan of a Monopterai Temple, see Chapter 

VU. Book IV. 
Fig. 4. An elevation of the preceding Figure. 
A. The StyloLiita or Pedestal. 
E. The Flower (Flos). 
C. The Borne (Tholus). 
Fig. 6. Plan of half a Peripteral round temple. 

A. The Cell. 

Fig. 6, An elevation of the preceding Figure. 

B. The Stylobata'. 

C. The Tholus. 

D. The Flower. 



PLATE XI. 




The plan of the Theatre at Pola, fotmded od Q 

lion by Serlio in his work on Arcliit 
Venice, 1567. It nearly correspond 
detail with the directions given in 
Chapter VI. 



Fig, 1. imd 2. Exliibit tlie pails of a Eoof in section 
and elevation as dcsciibed in Chupter 11. 
Book IV. 

a a, Beams (Trabes). 

b t. Ridgo piece (Colmnen). 

c. King post (Columna), 

d d d. Tye beam (TrEtnstmm). 

e. Strut (Capreolue). 

f f. Rafters {Cantherii). 

g g g g. Purlinea (Templa). 

h h. Common Itofters (Asscrcs). 

The above letters refer to botJi Figures 1. and 
3. On tlie right hand pai-t of the latter Fi- 
gure the tiles are shown. 
Fig. 3. and 4. Are doors with their ornaments (Ant«- 

pagmenta). Chapter VI. Book IV, 
Fig. 5. The Tuscan Order. See Chapter VII. Book 
IV. 
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— African plains, 184. 
s, 22. 

irchus, 154. 
tratus, 155. 
•, of Byzantium, 262. 
or wings, of courts, 136. 
idines, 167. 

e, stone quarries of, 43. 
, river, 185. 
180. 

ider, 29, et seq. 151, 190. 
idria, 30, 152, 153, 174, 
220. 

the comedian, 128. 
.6, 58, 183, 190. 
8, 24. 

of the Gods, how to be 
3d, 92, 98. 
m, 17. 



Amalgamation, 170, 171. 

*A/ia^o7rodeC) 260. 

Amitemine stone quarries, 43. 

Ammon, 187. 

Amphiprostylos, 66. — Plan of 
an amphiprostyle temple, 276. 

'AfjKplpevaiQ, a machine, 235. 

Amphitheatre, 27. 

Amphorse (cullearia), 143. 

Antdemma, 207; on the con- 
struction of dials by the, 220 ; 
formation of the, 223. 

Anaporicum, a winter dial, 225. 

Anatona, capitals, 253. 

Anaxagoras Clazomenius, Idl, 
154, 177, 219. 

Ancona, 57. 

Ancones (trusses), or pFothy- 
rides, 94. 

Andrias, 223. 

Andrones, 146. 

Andronicus Cyrrhestes, 22. 

Angle- tiJes, 159. 

Angles, 66 ; of a portico, 123. 

Anician stone quarries, 43. 

Anisocyclon, an engine, 231. 

Antas in buildings, 66, 146, 147; 
represented, 276. 

'Avrr/xovvreQ, places that re- 
sound, 116. - 

Anterides, counter-forts, 148. 

Anthrax, 170. 

Antibasis, 253, 256. 

Antiboreus, a dial, 223. 

Antimachides, anAthenian archi- 
tect, 155. 

Antiochus, king, 155. 

Antipater, 190^ 219. 

Antistates, 155. 

Antithalamus, 145. 

ApoUonia, 187, 266. • 

Apollonians, 266. 

Apollonius, 9, 228. 

ApuHa, 17. 



««l. 



[as of Alabauda, 167, et 

^pcllfH. tbe punter, T. 

Apennine mountBins, 49. — De- 
Mni<^h 08. 

Upollo, iinlovml, of Ephesaa, aSB. 
—Of DpIw. 308.— Of Delphi, 
80.-Gainini<leilicatedtD ApoUa 
uiil UiB Miues, l>r Ptolemj, at 
AUxiuitlrw, 1S2. — Temple of, 
»t Miletus, 106. 

Apopli;^»,a<!OQUaption of Uiiok- 



Aniiileia, IT. 
Aqiiiuuao, »3. 

Jura.Ua. Nnmidun. 187, IW. 
Arwhne. a dkl, tl33. 
AroduH, aH4. 
Ara?oatyloB, 68, TO, 300. 
Aralua, 319. 
Arcadia, ItlO. 
Arcbed CbMllida, 19S. 
A»bes, 1.18. 

Arohimedea, 8, 8, lOS, 90&. 
Aichtterture, defined, 3. — O 
" dependa, 0.— Of H 






1,13. 



AiiEtoienes, the i 

lOT, 111. 
Arma nf Catapulta, 
Arraneenieiit, 0. — Id Dorinpra- J 

ponioua, 88. 
Arrises, of Fillets, 78. 
ArecDol, ms, 104. 
Arsinoe, HI. 
Artemisia, 41), eC Beq. 
Artemo, a:ifl. 
Arlint, or workman, 149. 
Arb!. relative to aUAclcs, 10, %& 
Ancent, 72, 00, 113. 

AapholtiF pool, IflT. 
'AajrXijw>c, llerb, IT, 
Antabora, river, 183. 
AHtasoba, liveT, tb. 
Astnufol, 74, 93. 
AHtrolo^era, 112, 019. 

AthoB, Moc ■ "" 



Atiieii 



a, 80, itm. 



AlianB, 92, 84, 47, 87, BT, 117, 

106, 1S9, 186, 907, 930, 
■ArXavTts, 147. 

■ -BS, ISIl, 



Architrave, n3, 114. 

Archjtas, », 100, 300.— Ares i 
rodn, iron (nncini ferrei), 130. 

Anlea, fountwns of. 180. 

ArBa,ai, 26, 63, 73, 308. 

Area, of a city, dJKpositioi 
pituation at baiidinga v 
it, 21. 

Areopogos. 84. 

Arevanias. 49. 

Arexzo, 47. 

Argeliua. 100. 

Argm. 48, 80. 191. 

ArioborumeB, 117. 

Aristardiug, of Samoa, T, 8, 213, 
333. 

Arie tides, 103. 

Aristippus, the Socratic philo- 
sopher. 137. 

Arietotnenes of TbasoB,i}le{lain- 
ter, 83. 

AriHtr)p!iBnes, the eomia pi 
128. — The i^p^mmariau, 1 

Aristotle, 101, 203. 



103. 
Attic, honey, 07 ; attic work, n 

d-mKOVpfis, 73, 99, 94. 
Anger (tetebra), 20l(. 
AiisiiBtii<^, temple at, 103. 
M AureliuK, 2. 
AiiriRU, a celestial sign, 31fl. 
ACp.oi', 25. . 

Antoniata, 334. 
Aveotine, Monnt, 171. 
Axifj, HI. 308, S3Bi(136, 33S. 
Axle, 3;J». 



Bmiyt,0K, woUb of, 20. 187. 
BatobuH, temples of, 11, 97, 81 

87, 117, ISO. 
Baio.\10.— BoianMojj 



'. IbIm, IBS, 103. 

fl, 3M, 2SS. S5T. 

i£. a machine for diaught, 



iHi). 288. 

d levers, 318. 

tus), lU. 

ulyeetio), of the caU- 

253. 

>f colnnma, 73. 
.. 101. 
180. 

^tmum), ISO. 
•use. 81, 3dR, 247, 260. 
their arrangemeat and 
. 130, 143. 

rest aod Little, coDstel- 
18, 317. 

trabea).H4; lintel beams, 
weU->iTiiughtlM!ams,lia, 
260, 2117; smaU boaras, 
see representation, 288. 
<tiBiitt),81,2:il,233,a58, 

(bacillus), 30. 
i, 158. 200. 

in building, how pro- 
1,13 

ambers, 146. 
if Byzantium. 6taliittrv,62. 

beamKfmluiuliGj-ial'.W; 
:ams and rafters. H5; of 
js, 4S. 
s, the Chaldean, 213, SIR, 

■.n. 20, 41, 187. 
atramentum), 16S, ITS. 
colour (coracinuB), 189. 
(trochlea), 333. 
, of atone, 237. 
«!our, 174. 
yed People, 131. 
of the roof, 136. 



U>nes,iiaT6yiH,i,0; repre- 

ed, 273. 

henes, 1R3. 

1 nails (ulari muaoarii), 



BoT.347; RmttU,3iH; dove-udlrf, 
2.'>S; of thp drum- wheel, 349. 
Braces, cHrreoli, 353. 



. Ihe t' 



1, 1114. 



(?, aoi, 



BrasK liiin-t'ts, with movaable 
bottoms, 247. 

Brass Coin, 66. 

Brass Founders, 44. 

BreBsmnruerH (trabes), 84. 

Brick, eight inch (beasalia), 19a 

Brick, walls, 47; bumt-brijjkB in 
buildings, walls, &v. 5], 168. 

Bricks, 3fi; of baked eBrtli,ie7; 
repre-^,.iiIationa of ancient 
Wmkf, 372. 

Brjaxes, 155. 

Buccuhe, in catapults, 353. 

Eupkete, 343, 346. 

niijlilers, wbu the earliest, S4. 

BiiildiDB, 19; origin and pro- 
gress of, 31 ; of walls, 18, 4B, 
72, 110, 117 ; in water, 134. 

BuildinRB : on thair situation 
according t« the nature of 
diflerent places, 130; of tha 
propoitions of private bnild- 
ingE,to ^uitths nature of thmF 
Ei1«!i. 1 34 ; aspects proper for 
the different aorta of buildings, 
140 ; forms of hoQse.s suited to 
the different ranks of pasons 
ib. ; proportions of houseB in 



lllPF 
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nd parts of Grecian honsaa, 
il5; on the strength of bnUd. 
ings. 147. 

Bulrush, IRO, 

Burnt Brick, comae o^ on • 
wall. 01. 

Byzantium, 208. 



Cadiz, 308. 
Ca^cuban Wine, 189. 
CaiiiB Jnling, gon of 

193. 
Caius Mntios, 166. 
Caldron, in baths, 130. 
Caliches (ciniB), 332. 
Calentum, 36. 



BOO 



CallfPschniB, an Athenian archi- 
tect, 155. 
Callias, an architect of Bhodes, 

264, et seq. 
CaUimachus, an architect named 

CatatechnoB, 82. 
Callippus, an astrologer, 219. 
Camillum, 252. 
Camoenae, 184. 
Campania, 43, et seq., 58, 180, 

190. 
Candelabra in houses, 166. 
Canon in hydraulics, Kaviov fwv- 

ffiKbg, 247. 
Canopus, constellation, 219. 
Capital, of a column, 75, 87 ; 

Corinthian, 82, et se^. ; Ionic, 

80; in machines, 254; Cata- 

tonum, 253. 
Capitol, 34, 69. 
Cappadocia, 188. 
Capstan, 235. 
Carbunculus, a kind of sand, 

42. 
Carchesia, or tracheli, in the 

catapult, 253. 
Cardinales seapi, 94. 
Caria, 47, 61, 81. 
Carians, 48, 81. 
Carpion, 154. 
Carthage, 187. 
Carthaginians, 258. 
Carya, 4. 
Caryatides, ib. 
Casium, 187. 
Castor, temple of, 97. 
Catapult, on the, 0, 251, 254, 255, 

257. 
Cataracts of the NUe, 183. 
Catatonum, capital, 253. 
Catheti, vertical lines, JLdOsrog 

ypafifi7), 74. 
Caucasus, Mount, 183. 
Caulicoh (stalks), in capitals, 83, 

106. 
Caurus, wind, 22. 
Causis, a mode of painting, 172. 
Cavetto, upper and lower, 74. 
Cavities, in a theatre, 109. 
Ceihngs, 160, 138. 
CeU, in temples, 66 et seq., 91 

et seq., 95 et seq. 



Cellar, wine, 14, 143 ; oil, ib. 
Cement, 12, 20, 39, 42, 45 ; of 

flint, 200 ; marble, 168. 
Centre, 64, 154, 222. 
Cephisus, river, 189. 
Ceres, temples of, 27, 68, 156. 
Cerostrata (doors inlaid), 94. 
Cetras, of Chalcedon, 258. 
ChaBrffias, 258. 
Chalcidica, 102. 
Chaldeans, 212, 219. 
Chalk, Selinusian, 176 ; green, 

169. 
Chambers (cubicula), 11, 140. 
Channel, <rrpi^, 159, 164, 196, 

252, 260; in Ionic columns, 

75 ; in the catapult, 252. 
Channels (columbaria), 243. 
Charidas, 155. 
Chariot-body, 249. 
Cheek, of the chest, in the 

balista, 256. 
Cheeks (chelonia), 236, 239. 
Chelo, or manucla, 252. 
Chelonium, or pillow, 233, et 

seq. 236, 253. 
Xr/Xog, in the balista, 256. 
Chest, 247, 256. 

Chion, a Corinthian statuary, 62. 
Chionides, the comic poet, 128. 
Chios, HI, 153, 266; fountain 

of, 191. 
Chips, of marble (assulse), 168. 
Choice, of salubrious places, 14 ; 

of places for the common use 
• of the city, 26. 
Chorobates, in leveUing, 195. 
Chorus, in theatres, 117. 
Xpwfxa, 107. 

Cliromatic modulation, 107,108. 
CliiTsocolla, 108, 172. 
Cicero, 207. 
Cilbian Fields, of the Ephe- 

sians, 170. 
CiUeia, 187, et seq. 
Circle, 23. 
Circular application of motion, 

KVK\iKrj KivrjffiQj 231, circular 

walk, ciavXo*;, 122. 
Circumstance (statio, ^efiaria' 

fiog), adds to the beauty of 

a work, 10 ; of the Greeks, 50. 
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GSreus, Elaminius, 97 ; Maximus, 
69. 

Cistern, 196. 

,Gtj, choice of situation for a, 
14 ; foundations of walls and 
towers, 18; distribution and 
sitaation of buildings within 
the walls, 21 ; choice of situ- 
ations for public buildings, 
36 ; plans relative to these 
subjects, 274. 

Clazomenae, 81; fields of the 
Clazomenians, 180. 

deombrotus, 5. 

GEades, 155. 

Glimacis in the balista, 256. 

Climate, dial of Berosus adapted 
to, 223. 

Clitorium, fountain of, 191. 

Clod, or mass, of lime, marble, 
&c., 159, 168, 170. 

Cn. Cornelius, 2. 

Goat in stucco, 161. 

Coating, 161. 

Coats of Punic wax, 172 ; of 
lime or sand, 158. 

Coelia, icoiKia, in aqueducts, 108. 

Ccelus, temple of, 10 

Colchis, 183 ; buildings of the 
Colchi, 33. 

Cold Bath, lutrum, 122. 

Collars, in water engines, 247. 

OoUina porta, 60. 

ColliquiiB (valleys), 135. 

Coloe, marsh, 183. 

Colony, Julian, of Fano, 102. 

Colophon, 81. 

Colossus of Halicamassus, 47. 

Colours, in stucco, 162 ; natural, 
169; vermilion and quick- 
silver, 170 ; preparation of 
vermilion, 171 ; artificial, 173 ; 
black, ib ; blue, and burnt 
yeUow, 174 ; white lead, ver- 
digrease, and red lead, 174; 
purple, 175 ; factitious, 176. 

Columella (small column), of 
the catapult, 252. 

Columen (ridge-piece), 84. See 
Plate, 288. 

Columns, 72 ; origin of the three 
sorts of, 80; Corinthian, ib. 



82 ; Doric projwrtions, 86 ; 

Tuscan, 05 ; Ionic, 63, 68, 72 ; 

their ornaments, how adapted 

to the sight, 77. 
Comic Poets, Greek, 100, 128. 
Compass (amussium), 23. 
Compluvium, 135. 
Compression, in hydraulics, 199, 

224, 246. 
Concameratio (vaulting), 121, 

147. 
Cone, a dial, 223. 
Conisterium, in the Palaestra, 

122. 
Consistency, 11. 
Consonances, natural,(n;/i0a>i/iae, 

100. 
Constellations, northern, 216 ; 

southern, 218. 
Copper, cyprian, 174. 
Cord, of the Spanish broom, 161. 
Coriceum, in the Palccstra, 122. 
Corinthian Virgin, 82 ; columns, 

80 ; crci, 138 ; theatres, 111 ; 

vessel, 104; order, 80; plate 

relative to, 280. 
Cornetan Division, in the Falls- 
can territory, 1 0. 
Cornices, 02, 103, 161. 
Corona, 57, 77, et seq. 89. et 

seq. 03. 
Corns, wind, 22. 
Cos, isle and city, 210, 
Cossutius, a Roman architect, 

150. et seq. 
Cottian Alps, 100. 
Counterforts, anterides, 148. 
Counterpoise, 205, 225. 
Country, house in the, 142. 
Coupling, of beams, 05. 
Courts (cavaedia), 135 ; distri- 
buted into five species, ib. 
Courts (atria), 130. 
Courts, (cortes), in country 

houses, 142. 
Cover, in the machine of Ctesi- 

bius, 237. 
Crane, revolving (carchesia), 

264. 
Crane, or grappling-hook (grus), 

250. 
Crathis, river, 189. 



Crete, isle of, 17, 56. 

Creusa, 81. 

Criodoche, a machine, Kpiodoxfit 

259. 
Crocodiles, 184. 
Croesus, 151 ; house of, 47. 
Cross-front, 256. 
Cross-pieces, 163, 195, 231, 258, 

260. 
Crossing, of laths, 51. 
Crowning members (fastigia), 77. 
Crypts, in temples, 141. 
Ctesibius, 6, 155, 223, et seq. 

his machine, 246. 
Ctesiphon, of Gnosus, 67, 154, 

156 ; machine of Ctesiphon, 

237. 
Cubit, the fourth part of the 

height of the body, 64. 
Cullearia, 143. 
CumfE, 124 ; Cuman Mountains, 

41. 
CurisB, 104. 
CutiUum, 186. 
Cybdelus, 187. 
Cychri, in Thrace, 190. 
Cyclades, 160. 

Cydnus, a river of Cilicia, 187. 
Cymatium, 73, 80, 87. 
Cynosura, Kvpotrovpa, 217. 
Cyrene, 189. 
Cyziceni,oeci,139; triclinia, 145. 



D. 

Dams, 124. 

Daphnis, of MUetus, architect, 

156. 
Darius, 151. 

Decastylos, 07 ; represented, 284. 
Decoration, in theatres, 113 ; on 

polished stucco, 164. 
Defence, machines for, 264. 
Defences (munitio), of a city, 

19, 50, 204. 
Delphi, 154; Delphic Apollo, 

61, 81. 
Demetjius Phalereus, 156. 
Demetrius Poliorcetes, 264, 265. 
Democles, 155. 
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Democritns, of Abdera, 86, 151, 
154, 201, 206, 219, et seq. 

Demophilus, 155. 

DentLUed, cornice, 11. 

Dentils, 11, 76, 85. 

Diades, 258, 259. 

Diagonal, line, 83, 136, 203. 

Diagram, 107. 

Diagrams, 127. 

Dialling, a part of architecture, 
13 ; on the construction of 
dials, 207, 220 ; of various 
dials and their inventors, 228. 

Diameter, 113, 221, 249. 

Diana, temples of, 11, 67, 81, 
97, 154, 156, 237, 238; statue 
of, in cedar, 55. 

Diapason, 109. 

Diapente, 109. 

Diastylos, 68, 70 ; elevation of 
a diastyle tetrastylos temple, 
276. 

Diatessaron, 109. 

AidOtffig, arrangem^t, 9. 

AidOvpov, 146. 

Diatonic, modulation, 107. 

AiaTovoi, or bond-stones, 40; \ 
representation of, 272. 

AtavXoQ^ 122. 

Didoron, 8id&pov, a kind of 
brick, 37. 

Diesis, in music, 107. 

Diezeugmenon,^t€^€i;y^£vov,108. 

Digit, a measure, 65. 

Dimension (quantitas), 9 

Diminution of columns, 70, 93. 

Aifioipog (two-thirds), 65. 

Dinocrate^, architect of Alex- 
ander the Great, 29. 

Diognetus, of Khodes, architect, 
264, et seq. 

Diomedes, founder of Salpiae, 17. 

Dionysodorus, 223. 

Dioptra, 195. 

AiTTTjxcLiKi^, in ships, 10. 

Diphilus, the architect, 155. 

Anr\n<Ti(i)Vy 65. 

Diplinthius (two bricks), 50. 

Dipteros, 67 ; dipteral arrange- 
ment, 156 ; plan of a dipteral 
temple, 282. 

Direction, by rule and emiare, n 
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I, on a plane, 223. 
ipason, 109. 
>rder8, obstinate, in exposed 

sitaations, 21. 
^«48plaviatum, 135. 
-^*])iBeonant places, KaTijxo^yTiQ, 

116. 
flMstance, of planets &om the 

son, 213. 

ibution, 9, 11, 45, 87, 166. 

^IDistribntion and situation of 

, bnildingH within the walls, 21. 

lUivisions, of a city, 24. 

Dolphin, in hydraulics, 247. 

Dome (tholus), 167. See Plate, 

290. 
Boors, of temples, 92 ; of two 

folds (bifora), 92. 
Doorways, of temples, 92, 137. 
Doric proportion and column, 

11, 80, 86. Plate relative to, 

286. 
Doron, iiopov, a palm, 37. 
Doras, king of .Achaia and Pe- 
loponnesus, 80. 
Dove-taU, 96, 256; dove-tailed 

box, 252. 
Dowels, dove-tailed, 96,237,244. 
Draught, machines of, 15, 233. 

(See Machines.) 
Dressing (antepagmentum), 92, 

et seq. 
Drum-wheel, 235, 244, 249; 

toothed, 224, 244. 
Dyris, river, 183. 
Dyrrhachium, 187. 



E. 



Eabth, circuit of, 24; proportion 
of, in various trees, 54; altars 
to the, 98 ; pressure of, in 
foundations, 148. 

Eaves, 57, 135, 167, 259. 

'Hx«ta, 6, 109. 

Echinus, in capitals of columns, 
87, 95. 

Economy, 12. 

'EncXqcruzffr^piov, a theatre, 167. 



'£ic0opa, projection, 73, 134. 

Egypt, 30, et seq., 92, 130, 169, 
lt<4, 187, 219. 

Egyptian (Eci, 138, et seq. ; 
priests, 13H, 178. 

Eight parts, division into, 244. 

Eift^othesium, 122. 

Elbow (geiiiculus), in aqueducts, 
198. 

Elephantis, lH4. 

P21eusis, temple of Ceres at, 156. 

'EXUj], 217. 

Elpliias, of Rhodes, 17. 

Embates, module, 87. 

Embroidering, rooms for, 140. 

p]mpedo(fles, 177. 

*E/Li7rX«Kroj/, a method of build- 
ing, 46 ; representation of, 
276. 

Ends of ropes (ansce rudentis), 
207. 

Engibata, 246, lyyijSaTa vel ly- 
yv(3aTa. 

Engines, distinguished from 
machines, 231 ; for drawing 
water, 242, 244 ; water en- 
gines, 247. 

Engonatos, a dial, 223. 

Enliannonic modulation, 107. 

Ennius the poet, 206. 

Entablatures, 237. 

Entasis, a swelling in the mid- 
dle of columns, evraffig, 71. 

Epagon, lirayuv dpTBfxijjv, 236. 

Ephebeum, 122. 

'E(l>iKTog, 65. 

Ephesus, 81, 154, 156, 170, 237, 
238 ; law of tlie Ephesians on 
building, 228 ; mines in, 172. 

'ETrifSdOpUf ladder of the Greeks, 
260. 

Epicharmus, 177. 

Epicurus, 36, 128, 151. 

'Kwidifioipog, 65. 

Epigrams, Greek, three, in- 
scribed on fountains, 191, 
192. 

Epimachus, the Athenian archi- 
tect, 265. 

'ETriTrevra/Lioipoff, 65. 

Episcenium, 167. 

*Eiri(TxiSeg, 257. 

Epistylium, 68» 88, 103. 



■KwiTp,rot. OS. 
Epbtvi^in. 395. 
Ki|iu'lil>r>tl.iun. UO. 
Enl'iKllienes. of CjTeue. 0, 34, 

et »jq. SOU, et acq. 
Eretriuu Enrlli. ITU. 
EiiHiuit!, aulHriilM, rb Iprlcfut, 



'Evxdptti tHwis 'if l>a boliHlA, 

90U, aeo. 

EiMmtos. tho i»im1c piiet, ISS. 

Guilvnton, tlio tutlrubger, 210. 

Rudoxm, 9111. a;U. 

Euphrnnar. 16S. 

Enphraus, 1S3. 

EuHpldea, lUxdplti uf AdbxS' 

fnnui, ndnuDOikphikiiioplisr, 
77; hitr tomb, llK); extmut 
fromhu fhaethw, 211. 
EniDnotun, 24. 



Katlieia, 3'M. 

Evangelus, 93U. 

Eviqfjratuni, ITJ. 

Exeilra, 133, 1;)H, 145, 1S6, 



FiHERiuB, tliB scribe, 171. 
Foos, of valla, 37, IS. 
Fice-wallh, JS. 
Facings (cni.tnfl, -16 ; of ic 
blc, ID.'i ; I'aiingd cut (j 






.'t, as5. 



Faatigm, in bnUilings, ' 

Id pnvomenta, IS!)! 
Fnunua, (>;mpli3a of, 00. 



Felling if timber, tS, 

Fomiile Joint, 330 
FamuT. in trigtyphB, , 
Fenoe-work, BO. 



FideDAteB, stone 

4». 
Pillels, 73. 
Fillots of lime, Dl. 
Filling of dilebea, 900. 
Filline-in, 10. 
Fir, 63 \ infenuis and m 

67. 
Fire, iliacoTBiy of, 3L 
i'itueBH, ordiuatiQ, rdXiS, 9. 
Flamiuion CiniuH. 1)7, 3S3. 
Flint-BloueK, i^uairiea o( IS. 
Floor. a09. 
tlooring, 109, 157. 108. 

Flom, temples of, 11, 179. 



I'doj-arni, the fourth part of I 
the height of the body, U. I 

Fore-pieoe (anteiiia), 253. | 

Fortuun Kquestribi, Uniple of, I 
tin ; teuiplsB tu the thn<e For- | 
tUDOS, U1. 

Forum, 101, 

Forum, of CicFiar, 08. 

FminilnttoD-wall, in a harboui, 

lai. 

Foundatieiu, IS, 79, lOS, U7. 
Foui' FoldB, doors of, 04. 
Frames, or manHns of paonell, 

Itia, 100. 
Framing (coagraantfttio), 53. 

(vommiasura), ib. 

(comjioctio). 903. 

(oonUgnatio), 03, 84, 

France, 183. 

Frisidarium. 193. 

Fulcrum (hypomocblium), 340. 

Fuudi, a town of Campaoit, 
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», the first of the Latins 
mrote on architecture, 

^ upper part of the fir, 



G. 

,175. 
3, 115. 
183. 
13, 145. 
,33. 
7,3. 
47. 
rs, shows of, 101. 

re. 

, (TKiaBripag, 93, 220. 
17, 156. 
ethod of detecting silver 

4. 

le, a dial, 223. 

.17. 

es, 141, 143. 

Qg Hook, 259; machine, 

36, 179. 

buildings of the, 145, 
q. ; winter apartments, 
theatres, 115, et seq.; 
ancestors, 201; comic 
. 100. 

QS, 233, 237. 
es, 6.* 

under triglyphs, their 
bution, 89. 

'alveus), in baths, 121. 
plates (deliquisB), 136. 
14. 

dum, 123. 
initis, 145. 



H. 

Jricks, 37: 
nassus, 47. 
opodes, 262. 
pikes, 6. 
(ansa), in machines, 

irs, structure of, 123. 



Harmony, 105, 106, 131. 
Harpers, citharcBdi, 111. 
Hatchet (ascia), for lime, 160. 
Health, templer of, 11. 
Healthy situations, choice of, 

Heaps of stones (aggeres), u< 

harbours, 124. * 
Heavy-roofed Temples, 68. 
Hegesias, 103. 
HelepoUs, 204. 
Helices (volutes), 83. 
Hellas of Athens, the statuary, 

62. 
Hellen, father of Doras, 80. 
Hemisphere, 1 21, 223. 
Heraitriglyph, 89. 
Heptabolus, lake, 183. 
Heraclitus, of Ephesus,<ricor£ivAff, 

35, 177. 
Hercules, temples of, 11, 27, 47, 

69. 
Hermogenes, of Alabanda, an 

architect, 67, 70, 86, 154. 
Herodotus, 193. 
Hetrurian Hamspices, 27. 
Hexachord, hydraulic, 247. 
Hexagons, in pavements, 158. 
Hexastyle, 69 ; elevation of an 

hexastyle temple, with a sys- 

tile intercolumniation, 278; 

hexastyle with eustyle inter- 

columniations, 280; 
Hierapolis, 188. 
Hiero, 204. 
Hillocks, 33. 
Himera, river, 187. 
Hinge-styles, in doors, 94 
Hipparchus, 219. 
Hippocrates, the physician, 7. 
Hippopotamus, 184. 
Homer, 153. 
Homeromastix, ib. 
Homotcna, 6. 
Honour and Virtue, temples of, 

67, 1£6. 
Hoops, iron, 252. 
Hopper, in water-mills, 244. 
Hospitalia, in Grecian houses, 

146 ; in theatres, 114. 
Hostilius, M. 17. 
Hour-lines, projection of, 222. 
House oi B.o\qxxVx3l«i, ^4. 



_^ _. .Bii«. ei7. 

Hymettu^ mouot. t7. 

HypsUurtri (t-oic). "' ■ Hjpi»- 
Ihrnl walkH, 10. IIB— Vlan 
of ao HTpi-thral («mpl6, 3H1. 

Hypuiiv, ri'er, ITO, IS^, IBS. 

Hjpale, loa 

H;pcirth;rum. 93. 

Hypngek, nnder-groilnd aput- 

'moulB. UT. 
Hypomochlhun, 340. 
BTpolnwbeUoa. Tl, TT, ST. 95. 



_ _. IM. 

Ir^noKi^liliT. 10. 

Ir>tinu<i. uvhitflot, ISl, IRB. 

IdM. Ml(u, 10. 

Iiopluviau, court, 197. 

Inoartuni Opna, b metliad of 

traildtne, 46: repreaenUtJan 

of. 272. 
IncUualimi, J4H. 
Increa.'iB, nf ilsyn, 820. 
Index (buUa), in dialx. SSS. 
iDdia, Ins. 
Indigo, 113. 
Indus, river, 1^3. 
Inlaid Doors (fierostratfl), 1)4. 
InterBDlamnifttiorB. 6M, S7. 
Intflrsecdcin, /umx^' ^^- 

(deuussftlio), 33. 

Intertigiiiura, space, HO. 
lolans, 190. 

Ion, whence Ionian b, 61. 
Ionic propnrlioo. lonio work, 

BO, BS i plaW relativa 1o, Z80. 
Iron orainpH (anaiB), 45, 

iiiHtnuneutti, 180, 170. 

Ids, temple of. 27. 
iBmuc. (own of. 103. 
Isodoinum, wort hi called in 

walling, 40 : representetion of, 

373. 




JiCK (ehoragium), 348, 
Joiners Work, 54. IM. 
Joints, mole and reiQaIe,B 
Joiat (aiis), 159. 
Joppa, 187. 
JonrnnyH. contrivance b 

Buring, 349. 
•Tuba, king, 1113. 
Jnlimi colony, of Fano, lA 
hasiltca on Ule Atfi 

103. 1 

Jnliua, liie god. temple A 
Juno, temples of, II. 30,4 
Jupiter, temples of, 10, | 

66. 103, ISS; altar dt 

planet, 310. 



Kingprist, H4. See plate, 
KiU'tit'n. in coimtrj-h ousel 
KpiBSAcn. 351). 
KurXut^ avijnc, 331. 
KiijcXur^, 2.:s<.>. 
Kwoaoipa. 317. 



LiBoniTOBY, 170, 173. 

liscedemon. 47. 

Laconicum, in batbs, 131, 

LacotomuB, tine, 333. 

Lacunar, a dial. 333. 

Lac'imaria. 67. 

Ladder, for Bcaling walls, 
IwilidBpa, 2»0. 

LandRi'Bpoa, on nallH, lOS. 

Loodif^eaoti. fields of the, 

lAngnuin, lastle of. 66. 

I.atliB. cropBing of, 61. 

Law. 6 ; Roman law on bui 
60: law uf the Ephe 
saU: law of tbe Athe 



' ohndreD if iDStmcted 
in tfae arts, 137. 

abbiab, 151. 
169, 174; white. 174 

Dpe, 233, 934. 



, tbe st«tiuu7, f, 

tS5 ; bis precepts on 
metiies. ib. 
le at, 21, 186. 

ater, 113,164, 180. 
and the inatnimenti 
r CLitt purpose, IU5, 

I, 340; for pounding 



158, 1&9, 191. 

m tbe potiita of s^bt 

mice, in4. 



a^il ; of dranght, 
[ ; the polfspaston. 

aoiples of mechanicB, 



336 ; engineq tor raising ira- 
ter, 243, 214; machines of 
CteaibiuH, SlB ; for meaauring 
a jovimej, WO, 360 ; for war, 
3&1, 263. 

Miiwnia, 169. 

Magi. i;7. 

Magnesia. 67, 154, ITO, 103. 

Male-joint, 338. 

Mamertine w" 



IVIanui 






Manucla, in ^e catapult, 2tl3. 
Marble, on tbe preparatioii ot, 

r„rplaHlering. ll!». - 
.Mai'iiis, trophy of, 10(1. 
Muri, temples of, 11. 37, «; 

Vianet, 210. 
Miirv-eilles, iI4, 38, 367. 
Miirsli- weeds, 126. 

aqut'dui^t, 1S4. 



Ma.'^ 



I, lU: 



Mutheiiiatii's, 65, 106, 339. 



Mechanics. 333 ; priucipleB of^ 

2;iH. 
Medulli. 191. 

Melampiiti, 1S5. 191, 

Melas, 4H: river. 189. 

Melitan wine. 189. 

Melite, HI. 

Melo, the aatrologer, 319, 

Jli'lus. isle of, 319. 

JleiiesLhos, 07. 

JUm'iiry. l.'mples of, 37, 48; 

plaDet, aOJ. 
Bler-ie, I' ' 



MetageneB. son of Cteaiphon, 

154, l.'M, 3:i7. 
Melal-founJer, 44. 
MeWlliis, porlii:o of, 67, 
MiTox'i. 77. 
Metiipie. 85, 88, 69. 
Metrodoms, 103. 
Miletu!., HI, 196. 
Mill, 144. 
Millatooe, 244. 



[jla, of Ciobnw, SOI. 

line (in u(«aa), 200; nineB of 

meUlB, 1(10. 
Unerv.. fmplcs of. 7. II. 20, 

Irt, 13-1; promonWrj, 133. 
SixtoT, lua. 
lUanlai, 300. SOT. 
dithniUtid war. IIT. 
diMlnlalioii, llT; in ntisU, 

lOH. 

Uodiile. W7. 117, 

UwaJif, OS. 

Mnnoplerel temples, OS, 164. 

See Plate, 2W. 
Mnnotriglyph, H». 
MonnnisiitH, 41. 4% 
Moon, lempieB 'if the, 10, 118. 
Mortice li^aruheeimQ), 9BD. 
Mortised beams. 201 
MiunniiuH, L. the overthrower 

of Corinth, III. 
Murena, Htdileship of, 47. 
Hositial prnportiun (uasonica 

ratio), 0, 100. 
Uutins, C;, wetaiteet, 67. 1B6. 
MutDle, 80, HS, UT. 
Mjosrus, tlie PliociEttn 6li- 

MylaEO,'t-.wnnf, IS. 
Myron, fitulplor, 7, 02. 
MytilBDH, town of, Bl. 
Myua, 81. 



N. 

NAir.fi, boBsed, ]0:i. 

Vais. ip irnpairrdoi, SO. 

Nttnw PusB, 33. 

Nntiona, sooibem, weak, but 

ncute; northern, strong, but 

obtuse, 183, et set). 
Haves, of wheetH, 340, 200. 
Navoe. or linutiLinpodeB, 2(H). 
Nenia-an gHmes, 901. 
NeptimuB Paniooios, lainple of, 



SI. 



:, lon. 



Keiuis, 106; his precepts o 

the sjmmetries, ib. 
KicbonianhuE, painter, S3. 
Niger, river, 183. 
Nile, 30, OB; Bonrce of, 184. 




Oaken pi 



124. 



Oclagonal Wwer, 23, 

OeiBstjioB, U7, ea, 

Octocbord. in hydranlioB, 347, 
OctogenariH', pipes, 1U7. 
Odeum, 117. 
(Ed, liulls, 136; Gredan, IM, 

146. 
(Eci CjziH 
(Ecua, in Grefian IiouseB, 146. 
OToJ. a tJUer, S41, 
Oil-cellu-, 143. 
Olive-wood, charred, tdvautasa 

of, in walla, 16. 



a, 301. 
Oljmpius, Jupiter, 07, 
"Owai, beds of beams, 
Openings, fbr air 



160. 



of I'bar 



. 104, ; 



Optics. 4. 

Oracles, on Socrates, 61 ; on 

colonien of Itie Greeks to be 

settled in A^in. BO. 
Orcliestra. 112. 11,1, 
Orders, of orcbileetare. 72, 

HO, SB, n5 ; represenlatioD of. 

2H0, 2nO. 
Ornaments, of polumnB, 72, 

M; of epistylia, 101, 113; 

doors, ns. 
Orpiment, 169. 
Orseis, Nymph, mother of Do- 

ruR, 81. 
Orthography. 10. 
'Opuyfc, tortoiaeB, 201. 
OBtrum, purple, 178. 
Ovals, in pavement, 68. 
Overhongunt, 134. 



PLATE XII. 




D of the Theatre whose plan w given in the fore- \ 

going plftte ; is also founded un the restoration 
of it by Serlio, from parts existing at the I 
period he wrote. 
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3, of Ephesus, architect, 
i;38. 

5, celebrated, 62. 
y in buildings, on the 
:; 1(59. 

y Rooms, 140. 
a, 122, 142. 

;es, stone-quarries of the, 
seq. 
7, 64. 
us Neptunus, temple of, 

:onia, fountain of, 191 
lium, a town of Egypt, 

s, in catapults, 112. — 

Lel-line, 222, 252. 

36, in music, 108. 

e, in music, ib. 

, 102, 114, 120, 259. 

df, in temples, 145; in 

itapult, 252. 

:8e, 10:3, 252. 

ite, in music, 108. 

io, 22;3. 

39. 

(xystus), of theatres, 
22. 
3 (fauces), to courts, 

s, 223. 

us, 5 

at, 157, 163. 

tiles, 158. 

soluble in acids, 191. 

, 114. 

m, a dial, 223. 

nesus, 4, 80. 

ron, 37 ; a kind of 

of five palms; repre- 
ion of, 272. 
ipof, 65. 

istos, block of five pul- 
:34. 

as, mount, 47. 
se, 261. 

lenus, a Tyrian arti- 
558. 

IS, 152. 
.t, 114. 

odeum of, 117. 
u8tQ, 146 ; Xysti, 123. 
;vT£ff, 116. 



Perimetros, 112. 

Peripteros, 66, 96. — Plan of a 

peripteral temple, 280, 290. 
Peristylium, 122, 145; Doric, 

137 ; Rhodian, 145; in pri- 
vate houses, 138. 
TlspiTpriTog, sight hole in the 

baUsta, 10, 255. 
TlipiTpoxogj 235. 
Perpendicular, 77, 195, 212. 
Perpendicular-Hue, in dialling, 

220, 
Persian, portico, 5. 
Perspective, 154, 
Pesaro, 57. 
Pharax, of Ephesus, a statuary, 

62. 
Phasis, 183. 
Phellos, in a dial, 225. 
Phidias, the statuary, 62. 
Phileos, 154. 

Philip, son of Amjnitas, 258. 
Philip, the astrologer, 21 9. 
Philo of Byzantium, 155, et 

seq. 
Philolaus of Tarentum, 9. 
Philus, 156. 
Phocflea, 81. 
Phrj'gia, 188. 
Phrygians, 33. 
^Ooyyot, 108, 109. 
PhjTos, 155. 
Physicians, 17. 
Physics, 35. 
^vffioXoyta, 5. 
Phyteus, 155. 
Piacenza, 207. 
Picenum, 43. 

Pictures, cut from walls, 47. 
Pictures, large, 164, 165. 
Piers, in buildings, 120, 148, et 

seq. 
Piers in harbours, 124. 
Pile, driviog, 72, 234. 
Piling, 55. 

Pillars, for marking time, 224. 
Pillow, in a capital, 74 ; in the 

catapult, 253. 
PiUowed (Ionic) capital, 74. 

103. 
Pin (fibula), 233, 234. 
Pinacotheca, 138, 
UivaK, 248. 



PippH (lliitulai), in bidravlics, 

Pipeii (lululi), 19T. 
Pira'oe, hubuiir, I6i. ISS. 
PUiKtnitaa. 160, 
PiNton-rtKlii (uuxuuB), 348. 
Putoiu, U6. 
PUiuie, > vitj of AhU, 38. 
FivoU (ohodikies). ia7, 
IHiiKlHurua, oaJlnl Erugelns 

furlitviDgdisauTerod • qiuny 

of marble, 23H. 
FUoes, wtabrioos. ebgice nf, 

It; places for the comnioQ 

u« ot ft dty. 26. 
Plan of B cUy, BhaaU be pol;- 

Rotlftl, ID. 
Pkiicta, 20T. 
PlanMng. ^61. 
Pluter-«>OTlc,3O,20O.etaeg. 
Flattering (teeCoriiuii npua), 3T, 

47, ISO, 16S : pFeparatiun of 

marMu tar, 168. 
Ploateiing (^barium opus), 104, 



121, 



Ploii 



I, 201. 



24K. 



S rules 



FliDthmm. a dial. 22S. 
PUnUjs. 66, OH, 73; in Uie 

column, 60, 7,'l, 05, 
Piipumutic macbiiie, 2fll. 
Pnenmatioos, 201 . — PueajDiBtics, 

22S. 
■Po, river, 68, 67, 183. 
Pmliuni, in a theatre, 113; 

aruutiit a temple, 73, 1G6. 
Pole, in a gnomoti, 208 
PoloH, 1.11. 

PolLabinn;, of pavements, ISB. 
Polinhinp', of plastering, 160, 

163, l&l. 16D, 171. 
Pollis, bis praceptB on sjm- 

metry, ISO. 
Polyclea' of Adnuo^tium, the 

pointer, 62. 
PolydetuB, the acnlptor, ib. 
Polygonal towere, 10. 
Poljidus, 166; of TliBBanly, 

temp. Pbilip of Maceiliin, 
358. 



Portable dials, 223. 

Porter's rooiDB, li-"!. 

Portiao, of Eumenes. 117; J* 
Poinpey, ib. ; double partim 
123 ; portico on three sida^ 
116; portico behind (ha 
eceneB. 117 ; in baths 131, 

laa. 

Portugal, 33. 
Poaidonios, 193. 
HoiriTTis. ^joension, 9. 
PoBlicuBi, rear of the teoi^ 

67,74. 
Posts, 148. 
Fotbereus, IT. 
Potsherds, Coat of, lfl4. 
Pozzolana, 40, et seq. 
Preductiones, passages, in Ihw- 



Principles, (mJix''". W) b« mh- 

Eidered in tho choice of siuu- 

tiouB, 15, 35. 
Prison, on the, 104. 
PrcBtus. daughters of, 101. 
Procunuesian niorble, 47, 330. 
Prqjection, 61, 73; of rooEi, 

84. 
Projections (crepidiuea), OB, 03, 

124. 
Pngeeture, 03. 
Promonlflries, 133. 
PromonUirj, of Minerva, ib. 
Pronftos, 74, »0, 06. 
FropiKneum, 133. 
Proportion, 13, 03- 
Proportional insl. 

Eraloathenei, 300 
Props, ^'3. 



1,113 



¥tfjailT^U\^,^fiQl^lfta of, 11, 150. 
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ibanomenos, in music, 

iclima, vpbQ vav KXtjita, 

I, 22:3. 

istoroumena, irpb^ rd i<r- 

/ici/a, a dial, 228. 

f, 145. 

OS, 66. 

•ides (trusses), 94. 

rum, 146. 

ai wine, 189. 

jodomum, work so called 

uiing, 46 ; representation 

■2. 

dipteros, 66, 70. 

peripteral temple, 97 ; 

I of, 278, 282. 

>ma (wing), 256 

a TrTBpwfia, 90, 97. 

y, king, 152, 158. 

223, passim, 233, 235, 
239. 

im, \oyeiov, in a theatre, 
115. 

j-stone, Pompeian, 41. 
;8 (templa), 84. See Plate, 

, 175 ; colours, how pre- 

l, 176. 

)li, 174. 

tylos, 70, et seq. ; repre- 

)d, 284. 

oras, of Samos, 100, 177, 

203, 219, 245. 

oreans, discipline of the, 

a games, 201. 

3, of Priene, architect, 7, 

q., 86. 



Q. 



LGENAioA, pipes, 197. 

nt, 75. 

e, 8. 

liver, 170. 

La, pipes of five digits, 

lagenaria, pipes, ib. 



Quirinus, temple of, 67, 172. 
Quiver, a dial, 223. 



R. 



Rafters (cantherii), 84, 102. See 

Plate, 2b8. ,,.=. 

Rafter^ (asseres), 84. ^ee Plate, 

288. 
Rails in doors, 94. 
Rain water, 1H2. 
Rammer, for loose earth, 157, 

165. 
Ramparts, construction of, 20. 
Ravenna, 17, 55, 57 
Receptacle of waters, 197. 
Recession- of objects in painting, 

154. 
Rechamus, 233. 
Red lead, 169, 174. 
Reeds, indicate water, 180; Gre- 
cian reeds, 160. 
Reflection, from polished walls, 

163. 
Reservoir, 197, 226, 246. 
Resonant places, 116. 
Reticulated work, in waUing, 

45 ; representedj 272. 
Reverberation, 106. 
Rhine, 183. 

Rhodes, 49, 127, 175, 220, 264. 
Rhodian portico, 145. 
Rhodians, 174, 264, et seq.; 

their fleet, 49. 
Rhone, 183. 
Ribs (asseres), 160. 
Ridge-piece, columen, 84. 
Right angled triangle, method 

of constructing, 203. 
Right Hne, 4. 
Rivers, the greatest, flow from 

the north, 183. 
Roads leading to gates, 19. 
Rod, iron, (arcus ferreus), 120. 
Roller, or cylinder, 237, 259. 
Rome, praise of, 50, et seq., 

133. 
Romulus, house of, 34. 



\ 
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Boofs, 84, 96 ; parts of a roof, 
represented in section and 
elevation, 288. 

Rooms, 1:38, 144, 160, 162, 163. 

Bopes, in machines of draught, 
234. 

Bules, in hydraulics, 284. 



S. 



SAaaiNO, 148. 

Salapia, town of, 17. 

Salmacis, fountain of, 48. 

Sa/ijSvicjj, 131, 260. 

Samos, 81, 154. 

Sand, 38, 30, 161 ; strong, 
common, and red, 179; coun- 
terpoise of, 225. 

Sand-coat, in stucco, 161. 

Sand-pit, 38, 41. 

Sand-stone, 41, 43. 

Sapinea, 54. 

Sardians, 47. 

Samacus, 155. 

Saturn, planet, 210. 

Satyrus, 155. 

Sawing into four quarters, 54. 

Scale-beam, 240. 

Scaling machine, 259. 

Scamilli (impares), 73, 118. 

Scansoria, 231. 

Scaphe, a dial, 223. 

Scarlet-dye, 175. 

Scene. See Theatre. 

Scene painting, 115. 

Scenography, 10. 

Schemata, 25. 

Schola, in a bath, 121. 

Scopas, 155, 223. 

Scorpion, a machine, 6, 19, 231, 
251. 

Scotia, in columns, 73, 89. 

Screw-press, 143. 

Screw-pump (cochlea), 244. 

Sculpture, 7 ; of the cymatium, 
93. 

Scutula, sight-hole, 255. 

Sea, superior and inferior, 58. 

— — altar of the, 98. 
Seasons, changes of the, 2^0. 



Semicircular dial, 223. 
SemicyHnder, 206. 
Semiramis, 187. 
Semimetopse, 88. 
Semitone, 107. 
Septentrio, 22. 
Septimius, P. 165. 
Serapis, temple of, 27. 
Sesquialterum, 65. 
Sestertium, 65. 
Settling of timber, 157. 
Sewage, 6, 119, 
Sewers, 119. 

Shaft, of a column, 69 ; of the 

climacis in the baUsta, 204; 

in staircases, 204; of the 

water- screw, 245. 

Shafts (scapi), in machines, 237. 

Sheepcotes, 143. 

Shield (clypeus), in the Laconi- 

cum, 121. 
Sicilicus, 256. 
Sicily, 187, 189. 
Side -pieces, 261. 
Side- posts (para^tatse), 252. 
Sightnhole, in the balista, 254. 
Signs, of the zodiac, sun's 

course through, 214. 
Silanion, 155. 
Silenus, 154. 
Silver, method of detecting,when 

mixed with gold, 204. 
Silver- mines of Athens, 169. 
Simee (epitithides), in the co- 

ronee, 77. 
Singing birds, in hydraulics, 

246. 
Sinkings, in the soffit of the 

corona, 89. 
Sinope, 169. 
Six, deemed a perfect number, 

65. 
HKiaOripaQ, 23, 220. 
Slabs, in pavement, 158. 
Smyrna, 154, 169; city of, 81, 

117. 
Socket-pieces, chelonia, 233. 
Socrates, 61, 62, 151. 
Soffit, of the corona, 89. 
Soloe, a town of Sicily, 187. 
Soracte, stone quarries of, 43. 
Sound work (catenatio), 54. 
S^em, 33, 130, 169, 172. 



did 



47. 

ila, in theatres, the 

, for the audience, 104, 

dal surface, 195. 
,. 186 ; supply of water 
196. 
)6. 

(ancones, normae), pro- 
les, 202 ; stone, 43, 45, 
rule and square, 161 ; 
)d of douhling the area 
3 square, 203. 
quadratum, 87. 
covered, 123. 
es, in a theatre, 112; 
)d of setting out the 
204. 

(cauHcoli), in capitals, 
)6. 

)f plants, represented on 
166. 

ipes (columnaria), in 
lucts, 198. 

ising and setting of, 220. 
I, prefecture of, 44. 
les, distinguished, 63. 
•d (statera), 240, 258. 
3,. 105; lower, of stair- 
204. 

Eita, stylohata, 72. 
hrazen, 257. 
z, 15. 

uarries, 43; discovered 
>hesus, 238. 
s, 226, 247. 
toms, apothecee, 141. 
jum, 117. 
ts use, 36, 261. 
21. 

h, in huilding, whence 
ig, 13. 
161. 

f the catapult, 252. 
capreoH), 84. See Plate, 

159, 160, 163, 168, 

1^, 72. See Plate, 290. 
ater of, 190. 
ies, in haths, 121. 
r-rooms, 161, 165. 
nple of tiie, 10 ; eonree 



of the Bun through the twelve 
signs, 214. 

Sunium, 97. 

Sunk, in the centre (alveolatus), 
73. 

Susa, 192. 

Swelling, in the middle of co- 
lumns (entasis), 71. 

Syene, 184. 

Symmetry, 9, 13, 63, 66, 129, 
134. 

^vfjupwviat, consonances, 109. 

'Svv£xovvT£e, consonant places, 
110. 

Syracuse, 204. 

Syria, 56, 183, 187, 189. 

Systylos, 68, 70. 



T. 



Table, in the halista, 255. 

Tablinum, 136. 

Tsenia, in the epistyHum, 88. 

Tanais, 183. 

Tarchesius, architect, 86. 

Tarentum, 220 

Tarsus, a city of Ciiida, 187, 
192 

Tarquinians, 42. 

Tiific, fitness, 9. 

Teeth, of the saw, 20 ; of sheers, 
233; of the wall, 149; of the 
drum- wheel, 244; denticuli, 
224. 

Telamones, 146. 

TlXftoc, 64. 

Tempering of Hme, 159. 

Temples, 7,80, et seq. 92,95; 
of Apollo, 27, 67; at Miletus, 
166 ; of Diana, 68 ; of Escu- 
lapius, 11 ; of Augustus, 103; 
of Castor, in the Circus Fla- 
minius, 97; of Ceres, 27, 68; 
of Proserpina at Eleusis, 
156 ; of CobIus, 10 ; of Diana, 
11,81; ofDianaAricina,97; 
of Ephesus,67, 164, 166, 237, 
239 ; of Magnesia, 67 ; of 
Faunus, 66 ; of Flora, 11, 172; 
of Fortune, 66; of Fortuna 
Eqviestria, ^\ ^1 'BjstwiiA'^^ 
U, 2i7, ^, ^^ \ ^1 ^^-^^-^ 
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and Virtue, 67, 166 ; of 
Jupiter, 10, 26, 66, 108; 
Capitolinus, 69 ; Tonans, 10; 
Olympius at Athens, 67, 155, 
et seq. ; Stator, 67 ; in the 
island of the Tiber, 66; of 
Isis and Serapis, 27 ; of the 
god Julius, 68 ; of Juno, 11, 
26 : at Argos, 80 ; at Samos, 
154; of Bacchus, 11, 27, 87, 
117; Teos, 155; of the 
Moon, 10, 112 ; of Mars, 11, 
27 ; of Mercury, 27 ; of Mi- 
nerva, 12, 26; at Athens, 
97, 154; Priene, 7, 154; 
Sunium, 97; of Neptune 
Panionius, 81 ; of the Nymphs 
of the Fountains, 11 ; of Pro- 
serpine, 11 ; of Quirinus, 67 ; 
of Health, 11 ; of Serapis, 27; 
of the Sun, 10 ; Vejovis, be- 
tween two Groves, 97; of 
Venus, 11, 27 ; in the forum 
of Caesar, 68; of Vulcan, 27; 
sacred to different gods, 10, 11, 
26, et seq. ; five species of, 
68, et seq. 98 ; on their design 
and symmetry, 63 ; their dif- 
ferent aspects, 92 ; the pro- 
portions of their doors, 92 ; 
plans of, 276, 278, 280, 282, 
284. 

Ten (decussis), 65. 

Ten inches (dextans), 73, 

Tenons, 261. 

Teos, 69, 81, 155. 

Tepid water, in baths, 120. 

Terebra, 259. 

Terracina, 189, et seq. 

Tessera, in pavement, 158. 

Testudinatum cavsedium, 135. 

Tetrachord, in music, 108 ; in 
hydraulics, 247. 

Tetradoron, four palms, 37 ; re- 
jpresentation of, 276". 

Tetrastylos, 135, 138 ; tetrasty- 
lura cavoedium, 135; eleva- 
tion of a diastyle tetrastylos 
temple, 276, 

Thalamus , 145. 

Thales, the Milesian, 85, 151, 
177,219, 
Thasos, 239. 
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Theannm, 190. 

Theatre, 104; vases used in, 
109; its shape, 112; of its 
portico and oiher parts, 113 ; 
of the three sorts of scenes, 
and of the theatres . of the 
Greeks, 115 ; of the porticos 
and passages behind the 
scenes, 117. 

Thebais, Plains of; 184. 

OefiaTKTuoQ. See Circumstance. 

Theocyaes, 155. 

Theodorus, the Phocsean, 154. 

Theodosius, 228. 

Theodotus, 169. 

Theophrastus, 127, 193. 

Thessaly, 190. 

Tholus, dome, 167. See Plate, 
290, 

Thowls, in ships, 241. 

Thrace, 190. 

Three-brick wall, triplinthius 
paries, 60. 

Three Fortunes, 66. 

Thunderbolts, in sculpture, 89. 

OvptapEiov, 145. 

Tiber, river, 188. 

island of the, 66. 

Tiburtine tiles, 168. 

Tiburtine-way, 186 ; stone quar- 
ries, 43, 185. 

Tie-beam, 84, 103. See Plate, 
288. 

Ties (catenas), 160 

of charred olive wood, 19. 

Tigris, 183. 

Tiles, 51, 78, 164; Tiburtine, 
158. 

' two feet square, 159. 

• with returning edges, 

164. 

TiUer, otat 241. 

Timeeus, 193. 

Timavus, 183. 

Timber, 52; fir, 58; in what 
buildings to be sparingly 
used, 125 ; framed work, 84; 
settling of timber, 157 ; what 
kinds of wood bend or sag, 
55, et seq., 148. 

partitions, 163. 

T^iao'Oa.etva, ^^tnLary, 48, 166. 
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for filling ditches, 
ther kinds of tortoises, 
11. 

I columns, 73. 
3,22. 
uses, 142. 
t7, 117, 165, 167. 
m, 84. See Plate, 288. 
se pieces, 253. 
, 33. 

)f steps, 73. 
, where to be situated, 

right angled, of Pytha- 
203, 245. 

, in temples, dO^ 103 ; 
itres, 114. 
La, pipes, 197. 
m, 138, 139, 140, 145. 
55. 

, 11, 85, 87. 
s (interpensiva), in 
L cavsedia, 135. 

)s, block of three pnl- 

34. 

music, 108. 

3, cncoriia, 73. 

plains, 189 ; Trojan 

, 166. 

189. 

L62. 

151, 189. 

, in the machine of 
us, 246. 

f a column, 73 : in sty- 
81. 

prothyrides), 94. 
)f Alexandria, architect 
Ipollonians, 266. 
38. 

for water conduits, 

, 105; in theatres, 
4 ; in harbours, 123. 
roportions of temples, 
seq. See Plates, 288, 
Tuscan cavaedium, 135. 
42, et. seq., 58. 
m, 77, 225, 242, 243. 

• 

sea, 68. 



U. 

'YaXoff, 176. 

Ulysses, wanderings of, 166. 

Umbria, 43. 

Unbumt bricks, walls of, 60. 

Uniformity, in architecture, 10. 

Union, 158. 

Universe and planets, 207. 

'YireppoXaiov, 109. 

Upper layer, in pavements, 158. 

Upright joints (orthostatce), 46. 

Uprights (arrectarii), 163, 258, 

262. 
Uticenses, 37. 
Utility, in buUding, whence 

arising, 33. 



V. 

Vaccinium, purple colour pre- 
pared from, 176. 

Vcdves (cymbala), 247. 

(axes), 246. 

Yarro, Ter., 47, 155, 207. 

Vases, used in the theatre, 109. 

Vault, 102, 103. 

Vaulted roofs, of towers, 83. 

Vaulted temple, 26, 154. 

Vaulting (concameratio), 39, 
121, 147. 

Vaults (cryptae), 141. 

Vejovis, temple of, 97. 

Velinus, 190. 

Venice, 43. 

Venter, KOiXia, in aqueducts, 
198. 

Venus, temples of, 11, 27, 48 ; 
planet, 209. 

Vermilion, 170; preparation, 
171. 

Vessel, Corinthian, 194; brazen 
vessels in theatres, 109. 

Vesta, altar of, 98. 

Vestibule, 141, 145, 156. 

Vestorius taught the prepara- 
tion of a blue colour at Pu- 
teoli, 174. 

Vesuvius, Mount, 40. 

VicenarLn, mi^ii^ l^T « 

vma, 14a« 
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Virtue and Honour, temples of, 

67, 166. 
Yolscinian Lake, 44. 
Volutes, 76, 83, 83. 
Vulcan, temple of, 27. 



W. 

Waggon, 232. 

Walls, 18. 

(incumbse), 148. 

(moenia), 31, 192. 

(parietes), 18, 46, 72, 167, 

161; brick, 45; middle (medii), 
104; of burnt brick, 50.— Dif- 
ferent sorts of brick and stone 
waUing, represented, 272. 

Water, on the method of finding, 
179. — On rain-water, 182. — 
On hot springs, and on the 
nature of various fountains, 
rivers and lakes, 184. — On 
qualities of waters in certain 
places, 246. — On the means 
of judging of water, 194. — 
On levelling, and on instru- 
ments for tiiat purpose, 195. 
— On the conducting of water, 
196. — Water reverenced by 
Egyptian priests, 178. 

Water-dials, for winter, 225. 
■ engines, 247. 

mills, 243. 

' screw, 244. 

Wattled walls, 51. 

Wedges, with concentric joints, 
148.— Use of wedges, 257. 

Weevil, 143. 

Wells, on the digging of, 199. 

White-lead, 174. 

Wind-chest, 248. 

Windlass, 6. 

Windows, 85, 139. 

Winds, 22 ; diagram of, 272. 

Wine-cellar, 143. 



Wines, various kinds of, 189. 

Wings. See Aisles. 

Winter-rooms, 165. 

Withy (vitex), 54. 

Wonders, of the world, 156. 

Wooden pins, 161. 

Work (binldings), kinds of, 
in plaster, 120 ; stucco, J 
163, 168 ; foundations, 72 ; 
namental, 165, 168; carj 
tors', 84 ; plasterers', 1; 
joiners', 52, 84, 90, 104, ] 
145 ; marble, 161 ; plaster, 1 
160, 168 ; reticulatum, 45 ; 
corative, 116. 

Worshippers, in temples, ; 
the east, 92. 

Wrestlers, 201, 206. 



X. 

Xanthus, 189, et seq. 
Xenophanes, Colophonius, 

219. 
Xuthus, 81. 
Xystus, Kvcrrbgy 123, 146. 



Y. 

yELLOW,method of making bi 

174. 
Yoke, 242. 



Z. 

Zacynthtjs, 187. 
Zama, town of, 192. 
Zeno, 151. 
Zodiac, 215. 

Zoilus, the Macedonian, c£ 
Homeromastix, 153, et se 
I Zophorus, or frieze, 76, 80. 
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THE END. 
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